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JOKTOp TEXHHUYECKHX Hayk, npodeccop Peikynun C.H., 3aBemyromuii Ka-
beapoli TEXHOJOIHH JIECOIMMWICHUS U AepeBo0OpaboTkn MOCKOBCKOTO rocyaap-
CTBEHHOT'O YHHUBEPCHUTETA Jieca,

JOKTOp TeXHHUYECKHUX Hayk, npodeccop TpymmkoB A.C., raBHbIN clienua-
auct otaena 122 KoHcTpyKTOpcKOro Or0po MaIlmHOCTPOCHUS

B MoHorpadum npeactaBieHsl pe3yabTaThl UCCIICIOBAHUH 1O pa3paboTKe
MEPCIIEKTUBHBIX MOAXO0J0B, METOJIOB, MOACICH M MPOrPaMMHBIX CPEACTB aBTO-
MaTH3allUA TIPOIIECCOB MPOCKTUPOBAHUS, BH3yalU3alldd W TEXHOJOTHUECKOMN
MOATOTOBKH IMPOU3BOJICTBA KOPITYCHBIX MEOCNBbHBIX W3 W aHcamOnei. B
Hel moaApoOHO pacCMOTPEHBI OCHOBHBIE IMOJIOKEHUSI KOHLENIIUK 0€3011O0YHO-
ro MPOSKTUPOBAHMS M MPOU3BOJCTBA B KAUECTBE KOHIENITYaJIbHOU 0a3bl pa3pa-
00TKM nepcreKTUBHbIX KoMIIeKCHbIX CATIP.

Mownorpadus npenHazHadyeHa JUII IMHAPOKOT0 Kpyra CHEIHAINCTOB B 00-
JIACTH aBTOMATH3aIMH KOHCTPYKTOPCKOTO M TEXHOJOTHYECKOTO MPOCKTHPOBA-
HUS MEOCTBHBIX W3JCIIHKA, aCIUPAHTOB U CTYJICHTOB BBICIINX YYCOHBIX 3aBejc-
HuH, oOydarommuxcs mo creruadbHocTaM 250303 - TexHomorust aepeBooOpa-
o6otku, 220301 - ABTomaTH3alys TEXHOJIOTHYECCKUX MPOIECCOB U MPOU3BOJICTB
n 230105 - IIporpammHOe oOecleUeHNE BBIYUCIUTEIBHON TEXHUKH M aBTOMa-
TU3UPOBAHHBIX CHCTEM.
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MeOGenbHasi TpOMBIIIJIEHHOCTh - OJHAa M3 Ba)KHEWIIMX MOJOTpacieil Je-
conpombiniuieHHoro koMmiuiekca (JITIK) Poccuu, obecreunBaromas BBITYCK JKU3-
HEHHO HEOOXOIUMBIX ToBapoB HapoaHoro notpebnenus (THIT). CoracHo odu-
nuanpHoM cratuctuke, B 2000 r. B ee cocTtaB Bxoauino 5785 mpeanpustuii, cpe-
i KoTopeix 536 (9,3 %) oTHOCHIIOCH K KPYITHBIM U CPEIHHM TPEANPHUITHIM
[1]. K mHagany 2006 r. oOmiee UX KOJUYSCTBO COKPATHIOCH Ha 15 eauHMIl B co-
CTaBWIO cOOTBeTCTBeHHO 5770 1 521 npeanpustue [2].

Bce Meb6enbHbIC npeanpuaTis B Poccuu mpuBaTU3UPOBAHBI, T.C. SBJISFOTCS
1100 aKIMOHEPHBIMU oOmIecTBAaMHU (OTPBHITOTO WIIM 3aKPBITOTO THUIIA), MO0 Ya-
ctHeIMH upMamu. Ha Hux Tpyasarcs 6onee 169,1 Thic. yenoBek, 4TO COCTaBIsACT
15,3 % u 31,7 % ot Bcex 3ansaThix B JIIIK u nepeBooOpabdaThIBarOMIei MpOMBIIII-
JICHHOCTH COOTBETCTBEHHO [3, 4].

[To coctostauto Ha koHer 2004 r. mons MeOenbHOM MPOMBIIUICHHOCTH B
coBokyrmHOM o0beme npoayknuu JITIK coctaBnsma 11,7 %, B cTOUMOCTHOM BBI-
paxeHun - okoyio 36,4 mapa py6. B o0beMe npoaykuuu aepeBooOpabdaThIBaro-
el TPOMBIIUICHHOCTH A0Jig MeOenu mpeactaBiena 30,5 %. Jlons oCHOBHBIX
(dhoHI0B MeOCIbHOM MpOoMBITIUICHHOCTH B 00beme (onmoB JIIIK u nepeBooOpa-
OatpIBarolieil mpomeinuieHHOCTH cocTaBisgeT 8,5 % u 30,6 % coOTBETCTBEHHO
[5].

OcHoBHOM 00BeM Mebenu (88,6 %) mpou3BOIUTCS KPYIMHBIMU M CPETHH-
MU MPpEanpUATUIMH. Ynciao paboTaroNMX Ha ITHX NPEINPHATHIX MPEBBINIACT
107,5 TeIc. "enmoBek man 63,6 % or Bcex odHIMAIBLHO 3aHATHIX B MeOEIbHON
npombiiieHHOCTH [ 3]. Haubonbiee konudecTBo Mebenu mpousBoautcs B LleH-
TpasibHOM (enepanbHoM okpyre (45,1 %), nmamee cueayroT IlpuBoIDKCKUi
(19,4 %), Cerepo-3anmanusiii (11,2 %), FOxusrit (10,6 %), Ypansckuii (7,5 %),
Cubupckuii (4,2 %) u JlanbHeBocTouHbIl (2 %) denepanbHbie OKpyra. AHamu3
COBPEMEHHOTO COCTOSIHUSI OTEYSCTBEHHOTO MEOCIIBHOTO PhIHKA HE BBISBUI CY-
IICCTBCHHON JIWHAMUKH B 00BbEMax BBIMyCKa MEOCIBbHON MPOIYyKIWHU. 3a IO-
ClIeTHEE BpeMs OTMEUCHO yMEHBIIICHHE MpOou3BoAcTBa Mebenu Ha 1,5-2 % B
C3d0, B ocTaibHBIX ke (heaepadbHbIX OKpyrax W3MEHEHHUS COCTABJISIOT ACCS-
TBIC JIOJIM MPOIICHTA, TPUYEM KaK B CTOPOHY CHH)KCHHUSI, TAK U B CTOPOHY YBEJIH-
YeHUsT 00bEMOB BhIMyckaeMod mponaykiuu (mumb B [1OO mpupocT cocTaBuil
okoio 1,5 %) [6].

1

B Poccuu MebesbHOE MPeanpUsITHE CYUTACTCS KPYITHBIM, €CIIA YUCIIO PabOTAIOIINX
Ha HeM coctaBisieT O6osee 300 yenosek, cpennum mo macimrady - ot 100 mo 300 yenogex,
MaibiM - Menee 100 yenoBexk.
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[TpousBoACTBO MeOEIM B OCHOBHOM CKOHIICHTPUPOBAHO B OTHOCHTEIHHO
HeOobIIOM YHciie cyobekToB PD: 10 obnacteii (u3 79, B KOTOPBIX MIPOU3BOIUT-
cs1 Mebenb), MockBa u Cankr-IlerepOypr odecneunBaiot 6osee 60 % ot oOmiero
o0bema. K uncny «meOenbHbIX» PErHOHOB OTHOCUTCS U BopoHexckas o0nacTh,
BHOCSIIAsl CBOM BKJIaJ B pazmepe 9,2 % B o0mmii 00beM Medenn, H3roTaBinBac-
moit B LlenTpansHoMm (enepanbHOM okpyre (Ba rojga Hazaa OH ObLT OOJIBINIE H
cocraBisut 12,4 %). i cpaBHEHUST OTMETHUM, 4TO MOCKOBCKas 00JiacTh W T.
Mocksa garot coorBercTBeHHO 58,0 % 1 10,3 % MebenpHOM MPOAYKIIUHA OT 00-
mero oorema 1[®O. B HaumeHbIIEH CTENEHU MPOU3BOIUTENN MeOeIu Mpe-
ctaBieHbl B Cubupckom u JlansHeBOCcTOYHOM (efepalbHbIX OKpyrax, IJie UMe-
IOTCS MOIIHBIE JepEeBO0Opa0ATHIBAIOIINE MPEANPUATHS, HO KPYIMHBIC LEHTPHI
MIPOU3BOJICTBA MEOETH TIOKa He cHOpMHUPOBATUCH [4].

DKOHOMUKO-TIOJIUTUYECKUE Tpeobpa3zoBaHusi, HayaBmuecs B Poccun 15
JIET Ha3aJ U MPOJOJDKAIOIIMECS 0 CHX MOp, OTPA3WINUCh U Ha COCTOSHUU Me-
6enpHOM TpombinuieHHOCTH. K Havamy 1991 r. oTedyecTBeHHas mebenbHas Mpo-
MBIIIJIEHHOCTh Pa3BUBAIACh BHICOKMMH TEMIIAMH, YTO O0ECIeYrBajIoCh MOCTO-
SSHHO BO3pPAacTalONIMM CIIPOCOM Ha €€ MPOIYKIHI0. ITOMYy crocoOcTBOBasa 00-
masi coluaibHash HaMpaBIEHHOCTh TOCYAapCTBEHHOW MOJMTHKH, BhIpaskaBIlasi-
Ccsl, B TOM YHCIie, U B OOJBIINX 00bEeMax JKUIIbsI, BBOJUMOTO B CTPAHE €XETOJHO.
MebGenb B TO Bpems siBJisiIach OJHUM M3 BakHenmmx BugoB THII u oTHOCHIIach
K paspsaay ne(UIHUTHBIX TOBapoB (HApsAAy C JIETKOBBIM aBTOTPAHCIIOPTOM H
CJIO)KHOH OBITOBOM TEXHHMKOW). B MOJTOOHBIX YCIOBHSX MPOU3BOIUTEIHN MEOSTH
ObUTH 03a00YEHBI, TJIABHBIM 00pa30M, YBEIHMUYCHHEM BAJIOBBIX MOKa3aTeleil BbI-
MycKa MPOAYKIIMHU, OCTaBJsAs pEIICHHE 3a]a4 COBEPIICHCTBOBAHUS AWU3aiiHA H
KOHCTPYKIIUU W3JIETUH, paCIIMPEHUsT aCCOPTUMEHTHOTO PsA/ia U TOBBIIICHUS Ka-
YyecTBa U3enuil Ha OoJiee oTaaneHHoe Oyaymee. OMHAKO B MOCIEAYIOIINE TOIbI
HPKOHOMHKA OTpaciy MpeTepresia KapaAuHAJIbHbIE U3MEHEHUs, YTO HETOCPECT-
BEHHO OTPa3MJIOCh KaK Ha €€ COCTOSHUM, TaK U Ha JTUHAMHUKE Pa3BUTHUS U CTPYK-
Type MebenpHOTO phiHKa Poccum.

B 1991- 92 rr. B pe3ynbTaTe ®KECTKOTO pedhOpMUPOBAHHS COBETCKOM ILIa-
HOBOW 3KOHOMUKH, TOJYYHUBIIETO HA3BAHHE IIOKOBOH TEpaNMu», PE3KO H3Me-
HUWINCH BHemHUE (pakTopbl GyHKIMOHMpOBaHUs mpeanpustuii Poccun. Ilpen-
NpUATHS, paHee paboTaBime Ha AeHUIUTHOM pPHIHKE, OBUIM MOCTAaBJICHBI B yC-
JIOBHSI HE TIPOCTO KOHKYPEHTHOTO PBHIHKA, & B YCIOBHS MHUPOBOW KOHKYPECHIIHH.
[Ipu 3TOM MPOMEKYTOUHBIM 3Tall - «KOHKYPEHTHBIH PHIHOK B HAIlHOHAJIHHOM
MaciTabe», Korja BHYTPEHHHUE TOBAPOMPOW3BOAUTENN 3allUIIEHbI TOCYIapCT-
BOM OT BHEITHMX KOHKYPEHTOB - ObLI MPOMYyIICH (MICONIOTHs TaK HAa3bIBAEMOTO
«OOJBIIIOTO CKavKa», aBTOPOM KoTopol cuurtaetcs E. aitnap) [7].

B 1991- 98 rr. naGmromancst pe3kuid craja MeOeabHOro IMPOU3BOICTBA,
MPOUCXOAIIINN Ha (POHE OOIIEro 3aTsIKHOTO KPH3UCA POCCUUCKON IKOHOMUKH
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(puc. 0.1) [2]. [To oueHKaM CHEIUMAIUCTOB, 3a 3TO BPEeMs COBOKYIHBINH 00beM
MeOeNbHOW TPOAYKIMHU, MpousBoaumon B Poccum, cokparmics Basoe. OmHo-
BPEMEHHO HaO0Jalach HapacTallas SKCHaHCUs MeOeIbHOTO UMIOpTa W3
CTpaH OJIMXHEro M AaibHero 3apyoexbs (bemopyccus, Ykpauna, [lonsia, Py-
mbiaus, CrnoBenus, ['epmanust, Urtanmusa, Mcnanus u ap.). O0beM UMIOPTHOM
MeOenu, npoaaBaBireiics B Poccnn k 1998 rony, cocrapmsit okosio 50 % ot 00-
iero kojauvectsa [ 8.

O06bemM mpou3BoOjACTBA Mebenu
(B comocraBumbIx 1ienax 1990 r.)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Tonnl

Puc.0.1. lunamuxa npouszeoocmea meoenu ¢ Poccuu ¢ 1990- 2001 22.

B nacrosimiee Bpems Poccust 3anumaet 38 Mecto B MUpE IO YPOBHIO Pa3BU-
TS TIPOU3BOJICTBA MeOEH, BHOCSA B 00U 00beM MUPOBOI MeOEIbHOMN MPOIyK-
1uu Beero juib 0,4 %. Otu nannsle, npenoctapnennbie CSIL Milano - Lleatpom
UCCIICJIOBAaHUH TIPOMBINIIIEHHOTO pa3BuTHus (r. Muman, Mtanus), cBUIETEIHCTRY-
10T O HAJIMYUU CEPhE3HBIX MPOOJIEM B OTEYECTBEHHOW MeOenbHOM oTpaciu. B ux
psALy HEOOXOAMMO BBIACIIHUTh TaKWe, KaK HU3KUN YpPOBEHb OCHAUICHUS MPEIIpH-
ATHUM COBPEMEHHBIM JI€pEeBOOOPAOATHIBAIOIINM 00OpPYJAOBaHUEM, BBICOKAsl CTe-
MEHb M3HOCA UCIOJb3YIOLIErocsl CTAaHOYHOIO Mapka, HU3Kas CpefHsis BhIpaOOTKa
Ha OJHOTO PaboTaloIETo, BO3pACTAIMINNA Ne(UIIUT KBAUTH(PHUITUNPOBAHHBIX pado-
YUX KaJpOB, BBICOKasl JOJS HENMPOM3BOJCTBEHHBIX M3AEPKEK B ce0ECTOMMOCTH
MPOIYKIINHU, HU3KUW YPOBEHb BHEAPEHUS W HeAocTaTouHas 3((EeKTUBHOCTh TpH-
MEHEHHUSI MPOOIEeMHO-OPUEHTUPOBAHHBIX aBTOMATU3UPOBAHHBIX WH(OPMAIMOH-
HBIX TexHoJoruit (AUT).
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CoBpeMEHHOE COCTOSIHHE OT€UYECTBEHHOW MEOENbHON MPOMBIIUIEHHOCTH
OIICHUBAETCS MHOTMMHM dKCIEpTaMHM Kak OJIM3KOe K cTarHaluuu. PocT BhIMTycka
MeOeIpHOU mpoayKuuu, otMedeHHbIH B 1999- 2000 rr., mpakTHYECKH IpeKpa-
Ttuiics. bosiee Toro, Ha MPOTSHKEHUU TTOCICIHUX YEThIPEX-TIATH JET HAOII01aeTCs
CHIDKCHHE IPOM3BOJCTBA MeOenu (B HATypalbHOM BBIPAXXCHHH) IO PAIY HO-
MEHKJIATYPHBIX MO3ULMUK. 3a 3TO BpeMs 1IeHbl Ha MeOeJb BBIPOCIH B CPETHEM B
1,5- 2 pa3a.

[InatexecnocoOHBIN cripoc Ha Mebesb B Poccun mo-npexxHemMy ocTaeTcs
HEBBICOKMM M cocTaBisieT okoiao 1,5 mupa aosin. CHIA, 9yTto oOBsicHsETCS HU3-
KHM yYPOBHEM JKH3HHM OOJIBINIMHCTBA HaceleHHs (U1 CpaBHEHHS - B MHPE BbI-
nyckaercs MeOenu mnpubausutenbHo Ha 200 mupa moiia.). OKOJO MOJOBUHBI
o0beMa MpoJaKk HAa POCCHUICKOM MeEOEIbHOM PBIHKE MPUXOJIUTCS Ha JIOJI0 UM-
MOPTHON MeOenu, MOTOK KOTOPOM MOCTOSAHHO Bo3pactaer. Heobxoaumo oTMme-
TUTh, YTO B MOCJEHUE TO/IbI B POCCHIO cTana MoCTynaTh OTHOCUTEIBHO HEJIOPO-
ras, HoO JOCTaTOYHO KauyeCTBeHHas MeOenbHas MPOAYKIHUs, T.€. UMIOPTEPHI Ha-
YaJu BBITECHATH C BHYTPEHHETO PhIHKA OTEUECTBEHHBIX MPOU3BOJIUTEIICH, 3aHU-
MaOIIUX Ha HEM HUIIU C HKHUM U CPETHUM IIEHOBBIMU YPOBHSIMH.

Uto0Obl 00eCreYnTh TapaHTHUPOBAHHBINM COBIT CBOEH MPOAYKIIMH MHOTHE
MaJible U cpe/iHue MeOeJIbHbIE TPEANPUATUS TIEPEXOAT MOJHOCThIO, a KPYITHbIE
MPEANPHUATHS - YaCTHIHO, OT CEPUHHOTO M MacCOBOT'O IMPOU3BOJCTBA MEOEIH K
no3zakazHomy. [Ipu 3ToM UM NPUXOJUTCS MEPECMATPUBATH MOIXOAbI U CIIOCOOBI
OCYIIECTBJICHUS CBOEH MPOU3BOJACTBEHHO-XO3IMCTBEHHON NESITEILHOCTH U TPU-
BOJIUTh UX B COOTBETCTBHUU C CYIIECTBYIOIIUMH SKOHOMHUUYECKHUMHU YCIOBUSIMU
WM, IPYTUMHU CIIOBAMHM, BBINOJHATh PEUHKUHHPUHT OusHec-mpoueccoB (PBIT)
[9].

Amnrnosserunbiii TepMuH «Business Process Reengineering» (BPR) o3na-
JaeT (yHJAAaMEHTAJIbHOE IEPEOCMBICICHHE U PaJAWKAIBHYIO TIEPECTPOUKY Om3-
HEC-TIPOIIECCOB MPEANPUATHS C 1IEJIbI0 YIYUIICHUsS] OCHOBHBIX IOKa3aTeael ero
NEATENBbHOCTH, TAKUX KaK CTOUMOCTb, Ka4ue€CTBO, 00bEM M HOMEHKJATypa Ipe-
JOCTABISIEMBIX YCIYT B CKOPOCTh oOcimyxuBaHus. KBanmmndunupoBaHHo# paspa-
o6otkoi maHoB PBII u ux peanu3zamueit 3aHUMaeTCsl PsAJl POCCUMCKUX U 3apy-
OCKHBIX KOHCAJITUHTOBBIX KoMMNaHuil. HeoO0X01uMo OTMETHUTh, YTO MPOBEACHUE
MOAOOHBIX MEPONPHUITUHH TpeOyeT CYIIECCTBEHHBIX (DMHAHCOBBIX 3aTpaT, 3HAYH-
TeJIbHAsl YacTh KOTOPBIX MPUXOJUTCS HA BHEAPEHHUE COBPEMEHHBIX aBTOMATHU3U-
poBaHHBIX HH(popManuoHHBIX TexHonorui [10]. Tem He MeHee, CeroiHs Bce
00JIbIIIE PYKOBOIUTEEH MEOCIbHBIX MPEANPUITUN IPUXOJAT K BBIBOJY O HEOO-
XOOUMOCTH BJIOKEHUA AeHEKHBIX cpeacTB B PBII u AUT nnsa nonydenus cyuie-
CTBEHHBIX KOHKYPEHTHBIX IPEUMYIIIECTB B Oy IyIIEM.

B ycioBusax o0ocTpuBIIeiics KOHKYPEHIIMY 3a7a4ya MPUBJICUCHUST KITUEHTOB
MOXET OBITh pellieHa 3a cueT 0oJiee MOTHOTO YAOBIETBOPEHUS MX MOTpeOHOCTEM
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B COBPEMEHHOW M KaueCTBEHHOW MeOelH, MPeI0CTaBICHUS IIMPOKOTO KOMILIEKCa
TapaHTUHWHBIX W TIOCIETapaHTUIHBIX YCIYT, COKpAIIEeHUs] CPOKOB MpHeMa U WC-
MOJIHEHHUSI 3aKa30B, YMEHBIIICHUS YHUCJA MOCPETHUKOB MEXKIY MPEANPHUSITHEM U
MOTPEOUTENAMH €ro MPOAYKIHMH. YTOOBI CIIOCOOCTBOBATH PELICHHUIO JTAaHHOW 3a-
Ja4d TPEINpPUATHS OTKPBIBAIOT «(UpPMEHHBIC» MEOEIbHBIE CaJOHBI U CO3JAIOT
CHEIUAIM3UPOBAHHBIC TU3aMHEPCKHUE CTYIUU B KAUECTBE «KOHTAKTHBIX ILJIOIIA-
JIOK» ISl BCTPEY C MOTEHIIMAIbHBIMU KIMeHTaMu. [lomo0OHbIe MecTa OCHAIIIAIOTCS
COBPEMCHHBIMU CHUCTEMaMH aBTOMaTu3upoBaHHOro mpoekTupoBanus (CAIIP)
MeOenu M HMHTEpbEpa, OCYIIECTBISIETCS NEPEXOJ K MOJTHOCTHIO 3JIEKTPOHHOU
dbopMe XpaHeHUS W TIEpelayd MPOCKTHOW M MPOU3BOACTBEHHOW HH(pOpMAIIUH,
OpraHu3yeTcsi CKBO3Has MH(POpPMAIMOHHAS MOJICPKKA PeaTu3yeMbIX MPOEKTOB.
JIOMOTHUTETBLHO MOTYT OBITh OPraHU30BaHbl MECTa «BUPTYaJbHOT0» OOILIECHUS C
MOTEHIIMAILHBIMUA KJIIMEHTAMH B BHJIe MeOenbHbIX MHTEepHET-casioHoB miu \Web-
MOPTAJIOB MPEATPUATHM.

[To3zaka3zHoe MpPOMBIIIJIEHHOE MTPOU3BOACTBO KOPIYCHOW MeOEIH coYeTaeT
B ccOe TOJOXKUTEIbHBIC YePThl MHAUBUAYAIbHOTO (SAMHUYHOTO) U CEPUHHOTO
TUINOB Tpou3BojacTBa. C OJHOW CTOPOHBI, OHO MpeJyaraeT MoTpeouTensiM 00-
NIMPHBINA pAI Mojenel MeOenu, MUPOKUA BHIOOP OOITUIIOBOYHBIX MaTE€pHAJIOB,
KOMIUIEKTYIOIIMX U aKCECCYapoB; C APYTroOil CTOPOHBI, - 00E€CTIEYUBAET YPOBEHB
KauecTBa, IIEHBl U CPOKHU M3TOTOBIEHHUS H3JEIHI, COOTBETCTBYIOIINE TPOMBIIII-
JICHHBIM KPUTEPHSIM.

[lo3akazHoe MPOMBINIIEHHOE MPOU3BOJICTBO MPEABSBIACT IMOBBIIICHHBIC
TpeOoBaHMs K 00€CTIeUeHNIO0 CKBO3HOW MH(MOPMAIIMOHHON TOIIEPKKHU MPOIIEC-
COB, COCTABJISIONINX YXU3HEHHBIM UK MEOCNBbHBIX M3ACIHMA, U K YIPaBICHUIO
nHMOpMAITMOHHON MH(]pacTpyKkTypoit npennpustus. [Ipu aTom ocobas pois OT-
BOJMTCS CIICIMATU3UPOBAHHBIM KOMITJIEKCHBIM CHCTEMaM aBTOMATH3WPOBAHHO-
ro npoektupoBanus (CAIIP, mim CAD/CAM/CAE/PDM-cuctemMaM) Kak Bax-
Heimmm anemernTam CAL S-texnonoruii.

KonnenryanpHas 6a3a uzBecTHbIXx kKoMMmepueckux CAIIP meGenn He pac-
cunTaHa Ha d(QPEKTUBHYIO peaM3alldi0 PEIICHUH, yIOBICTBOPSIONIUX Pa3Iny-
HBIM, B psiJie CIydaeB MPOTHBOPEUYMBHIM TpeOOBAHUAM T0O3aKa3HOTO MPOMBIIII-
JIEHHOT'O MPOU3BOJICTBA!

- MakCUMaJbHBIM Yy4YeT TIOKEJaHWH KIWEHTa U  apXUTEKTypHO-
CTPOUTEIHHBIX OCOOEHHOCTEH €ro KUIUIA B paMKaxX UMEIOIINXCS TeX-
HOJIOTHYECKUX BO3MOXHOCTEH MpeanpusiTUs;

- pa3paboTka MpoeKTa B KOPOTKUE CPOKU C MUHUMM3ALMEN Yuciaa cyob-
€KTUBHBIX OIIMOOK MPOCKTUPOBAHMS, a TaKKEe BO3MOKHOCTHIO MX 00-
HApYXCHHS M YCTPAHCHHUS HAa PAaHHHUX CTaAusaX (IO Hayama M3rOTOBIIEC-
HUS U3]ICITH);
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- obecrnedyeHne CKBO3HOW MH(DOPMAIMOHHON MOAACPKKHU MpoIlecca U3ro-
TOBJICHUS U3JEIUN C TAPAHTUPOBAHHO BBICOKMM YPOBHEM MX KAaueCTBa
MO MPUEMJIEMOM LIEHE U T.]I.

B o101l cBA3M mpecTaBiaseTcs akTyalbHOM 3a/1ada (opMUPOBAHUSI, TEOPE-
TUYECKOT0 OOOCHOBAaHUWS W MPAKTUYCCKOW peau3alliid HOBOW MapajurMbl (OT
rped. par adeigna - npumep, oOpaselr) aBTOMaTH3UPOBAHHOTO IPOSKTUPOBAHHUSI
KOpPIyCHOM MeOenu Uisl UCIOIb30BaHUs B YCIOBUSX MM03aKa3HOT'O MPOMBIIIIECH-
HOTO MPOM3BOJACTBA. B MoHOrpaduu mpeacTaBieHbl OCHOBHBIE PE3YyIbTaThI, MO-
Jy4YeHHbIE aBTOpPAMHU B XOJE MCCJIEJAOBAaHUNU MO pa3pabdOTKe MEPCHEKTUBHBIX
MOAXO0J0B, METOJOB, MOJEJEH M MPOTrPAMMHBIX CPEACTB aBTOMATHU3aLMU IIPO-
LIECCOB MPOECKTUPOBAHMS, BU3YaJIU3aLUU U TEXHOJOTMYECKOW MOATOTOBKHU IPO-
W3BOJICTBA KOPITYCHBIX MeOEIbHBIX u3aenuii u ancamomneit (KMUA).
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I'JIABA 1
TPAAULITHOHHAS ITAPATUT'MA IPOEKTUPOBAHUSI
CAITP KOPIIYCHbBIX MEBEJIBHBIX U3AEJINHU

Tpamuunonno B Poccuu npeobnagaeT cepuitHoe U MacCOBOE MPOU3BOACT-
BO KOPITyCHOM MeOeH, OpraHu30BaHHOE Ha KPYMHBIX M CPEIHUX TOCYAapCTBEH-
HBIX MpeanpuATUAX. UHIUBUIyaTbHOE TIPOU3BOACTBO, MPU KOTOPOM MeOEIbHBIC
W3JIeTUsT BBITYCKAIOTCS B HEOONBIINX KOJNHMYECTBAX, U OOBIYHO WX MOBTOPHBIM
BBIMTYCK OoJiee HE MpeaycMaTpUBAETCs, paHee MPaKTHIeCKH OTCyTCTBOBalo. Of-
HAaKO B «IEpPECTPOCYHOE» BpeMs, HauMHas co BTopoil momoBuHbl 1980-x TT.,
MOSIBUJIIOCH JIOCTATOYHOE KOJWYECTBO TaK HA3bIBAEMBIX «TapaKHBIX» KOoIepa-
TUBOB, KOTOPBIC MPU HATIMYUU MUHUMYMAa TEXHOJOTHYECKOTO 00OpyAOBaHUS, a
3a4acTyl0 U MPOQPEeCCHOHANTBHBIX HABHIKOB CBOMX PAOOTHHUKOB, MBITAUCH YIOB-
JIETBOPUTHh WHIMBHUAYAJIbHBIC 3alPOCHI MOTPEOUTENE B KOpmycHO Mebenu. B
YCIIOBHUSIX TOTAJILHOTO TOBapHOTO jAeduimTa koHna 1980-x - mawama 1990-x rr.
3TOT BHJ OW3HECA MPUHOCHII €T0 BiajeibllaM YCTOMUMBBINA T0XO[, HO BOIPOC O
KaKoi-Tu00 cepbe3HON KOHKYPEHIIMM HX C TMPOMBINIJICHHBIMU MeOeThbHBIMU
MPEANPUATUSIMHI HE paccMaTPUBAJICS.

Takum 00pa3om, TpPagUIIMOHHBIM THIIOM OTEUYECTBEHHOTO MEOETbHOTO
MIPOU3BOJICTBA SBISETCS CEPUHHBIN BBIMYCK MPOAYKIIMH, KOTOPBIN 00namaer ps-
JIOM TIPEUMYIIeCTB. B 4acTHOCTH, opraHu3aius moJ00HOT0 THIA MPOU3BOICTBA
MpOIIe ¥ JACIICBJIC, YeM B Ciydae WHIUBUIYaTbHOTO (TI03aKa3HOTO) MPOU3BO/I-
CTBa, U, KPOME TOTO, YeM OOJIbIIIe CepHsl U3ACIU, TEM OIIYTUMEE BBITOJIBI MPO-
u3Boautens. [Ipu 5ToM onpeseneHHbIe TPEUMYIIEeCTBa UMEIOT Tak)Ke TTOKymaTe-
7Y, TIOCKOJIBKY TTOHPABUBIIYIOCS MeOEIh OHM MOTYT NMPUOOPECTH cpasy | TI0 Iie-
HE, KOTOpasi, KaK MPaBUIIO, HWKE, YEM B Clydae MHAMBUIYATIbHOTO TTPOU3BOJICT-
Ba.

[Ipu opraHmzanuu CEpUITHOTO MPOU3BOJACTBA HMCIOJB3YIOTCA TaKHE OC-
HOBHBIC KpUTEpHHU AP()EKTUBHOCTH, KaK TEXHOJIOTUYHOCTH, YIKOHOMHUYHOCTh H
HAJC)KHOCTh MEOENbHBIX KOHCTPYKIM. COOTBETCTBEHHO TPAAWIIMOHHBINA IMPO-
[IECC MPOEKTUPOBAHUS KOPITYCHON MeOeNn TOJDKEeH ObITh OPUEHTUPOBAH Ha JI0C-
THKEHUE MaKCUMaJIbHBIX MTOKa3aTeJeH sl MepEeYUCICHHBIX KPUTEPHEB.

1.1. TpaguuMoHHBINI NpoLECC NPOEKTUPOBAHU S KOPIIYCHOH Melesn

[IpoekTupoBanue MeOENbHBIX HW3IEITUN HMEET CBOK crenuduky, oly-
CJIOBJICHHYIO MaT€pHaTbHO-XYJI0KECTBEHHONW CYIIHOCThIO OOBEKTOB IMPOECKTH-
poBanusi. C 0THOM CTOPOHBI, MPEIMETHI MeOen ABISIOTCS BaXKHEHIIMMH (PyHK-
IMOHAJIBHBIMA COCTABJISIONIMMU 000PYAOBaHUS UHTEPHEPOB JKHUIIBIX, OOIIECT-
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BEHHBIX M MPOU3BOJICTBEHHBIX IMOMEIICHUMN, MPU3BAHHBIMU O0ECIEUUTH KOM-
(dbopTHBIE yCIOBHS CyllecTBOBaHUA JtoAe. C Ipyroit CTOPOHBI, TPEAMETHI Me-
0enr HepeIKO BBHITIONHSAIOT OTIPEACIEHHYIO ICTETHUYECKYIO (DYHKIIUIO, BBICTYIAs
B KQUECTBE XYyJ0KECTBEHHOIO JOIOJIHEHUS U YKPALIEHHUS NMTOMEIIEHUI, MOa4ep-
KUBAIOIINX UX apXUTEKTYPHO-CTPOUTEIbHBIE U CTHIIEBbIE OCOOCHHOCTH. B psige
CJIy4aeB, SCTETUYECKHI KOMIIOHEHT MpeBaATUPYET Hall PYHKIIMOHATHHBIM Ha3HA-
YeHUEM MpeameTa MeOenu, npeBpanias MnocjieJHUl B MPOU3BEICHHUE XYI0KECT-
BEHHO-IIPUKJIATHOTO UCKYCCTBA.

Panee npoekTtrpoBaHue MeOEIbHBIX U3ACIUN U UX HAOOPOB BHITIOIHSIOCH
[0  JOTrOBOPY  MNPEANPUATHH  CO  CHEUHAIM3UPOBAHHBIMU  IPOEKTHO-
KOHCTPYKTOPCKUMH OPTraHU3ALUSAMH, TU00 CHJIaMH CBOMX KOHCTPYKTOPCKHX OT-
nenoB. Oxanako B Havane 1990-x rr., mocie oTkaza rocyaapcTsa OT LIEHTPAINU30-
BAHHOT'O YIpaBieHUs MeOETbHOW MPOMBIIUIEHHOCTHIO, Ha OOJIBIIMHCTBE MpE.I-
MPUSATUA BBIHY)XIEHBI ObUTH pellaTh 33aJady OpraHu3aluyd cOOCTBEHHOM KOHCT-
PYKTOPCKO-AM3aMHEPCKON cykO0bl. ITO 00YCIOBINBAIOCH TEM, YTO HA PaHHEM
JTare CTaHOBJICHUS! PHIHOYHBIX OTHOLIEHUN MEOENbHbIE TPEANPUATUS, 3aKaThIe
B THCKU AePUIIMTA NCHESKHBIX CPEACTB, MBITAJUCh dKOHOMHTH OyKBaJbHO Ha
BCEM U, B MEPBYIO ouepelb, Ha (PMHAHCHUPOBAHUM MPOCKTHHIX U KOHCTPYKTOP-
CKUX paboT. B pesynbTaTe - ocraBmmecs 0e3 puHAHCUPOBAHUS CHEIUATUIUPO-
BaHHBIC TPOCKTHO-KOHCTPYKTOpPCKHUE M TexHojorudeckue Otopo (IIKTB) u un-
CTUTYTHI, CYIIICCTBOBABIIIME B paMKaX KPYIMHBIX MEOETbHBIX 00bEeIUHEHUN U 00-
CIIYKUBAIOIIME 3aMpOChl BXOJASIIMX B HUX MPEANPUATHH, TMO0 ObUIM mEpernpo-
¢unupoBansl, 1100 BOOOIIE 3aKPBUIUCH.

K coxanenuto, mogoOHasi yyacTh MOCTUTIIa U IIMPOKO M3BECTHBIN Bceco-
103HbIH (mo37Hee - Beepoccuiickuii) MpOoeKTHO-KOHCTPYKTOPCKUIM U TEXHOJIOTH-
yeckuii nHCTUTYT Mebenu (BIIKTHUM), koroperii Ha npoTspkerun 40 jiet ObuT
(dbarMaHoM OT€YeCTBEHHBIX MeOenbHBIX TexHonoruii. B crenax BIIKTHUM tpy-
auncst kojuiekTuB u3 900 crenuanucToB, cped KOTOPBIX ObLIO HECKOJBKO Jie-
CSITKOB BBICOKOKBATU(DUIIMPOBAHHBIX JU3aWHEPOB, OMPEICISIIONINX Hampasiie-
HUS Pa3BUTHUS OTEUECTBEHHOI'O JM3ailHa U KOHCTpyupoBaHHs medenu. OTcyTcT-
BUE Hajuexamiero (UHAHCHUPOBAHUS W, KaK CIIEJICTBUE, PE3KOE COKpaleHHE
mraTa COTPYAHUKOB, a TAKXKe MOCIEAYIOIas Mpoaa)xa KOMILIEKCa 3JaHUM, ITpU-
HAJJIKAIMX HWHCTUTYTY, mOpuBenun K Tomy, uto B uioHe 2003 r. OAO
«BIIKTUM» mnpekpatuino cBoe€ CyHIeCTBOBAHME. €M CaMbIM, OT€YECTBEHHOM
MeOeTbHON MPOMBIIUIEHHOCTH ObLI HAHECEH TPOMAJIHBIA M MPAKTUYECKU HEBOC-
MTOJTHUMBIN yu[ep62.

2 Tlosnuee 6bUI0 cozmano 3A0 «BIIKTUM TexHoI0KU», cUuTaroIee cedsi mpaBo-
MIPEEeMHUKOM HM3BECTHOTO MHCTHTYTA, OJTHAKO €0 HAYYHO-TEXHUUYECKUN MOTCHIIUANT TI0KA eIl
HEBEJIMK, & KPYT pelIaeMbIX 3aad JOCTATOYHO Y30K.
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B Hacrosimiee BpeMs MPOAYKIMS MHOTHX OTEUECTBEHHBIX MeEOEThbHBIX
MPEANPUATHIA HE MOXKET KOHKYpUPOBATh C UMIOPTHON MeOeIbI0, ycTymas eil mo
TaKUM TapamMeTpaMm Kak JAu3aiiH, KaueCTBO MCTIOJHEHHUS, HAaJIe)KHOCTh. XYHA0XKe-
CTBEHHO-KOHCTPYKTOPCKHE PEIIeHUs OTACIbHBIX M3eTUN U HaOOpoB MebOenu B
[[EJIOM HE OTJIMYAIOTCS HU HOBU3HOW, HU OPUTHHAIBHOCTHIO. Ha OonbImMHCTBE
NPEeANPUATHIA COXpaHsSIeTCs OOUIM XapakTep MPeMIOKCHUN MPONUIBIX JIET, a
MOTIOJTHEHNE ACCOPTUMEHTHOTO PsiJia BHITIOJIHACTCS IMyTEM KOMMPOBAHUS JAJICKO
HE Jy4YlIuX 3apyOexkHbIX 00pa31oB meOenu. B 3HaunTenbHO# cTeneHu 310 o0y-
CJIOBJIEHO OTCYTCTBHEM MPO(ECCHOHANBHBIX TU3AMHEPOB HA MHOTUX MPEIIpH-
arusx [3].

1.1.1. Crpykrypa TPaAMUMOHHOIO NMPOLECCA MPOCKTUPOBAHUSA Mebeu

TpaauIMOHHBIA MpoLecC MPOSKTUPOBAHMS CIIOKHBIX MEOCIBHBIX H3JIe-
T, TPEOYIONUX XYA0KECTBEHHON MPOPAOOTKH, BKITIOYACT CICAYIOIINAE YSThIPE
cramuu (3tama)’ [11]:

- TOJATOTOBUTEIIBHYIO, WM (PYHKIIMOHATBHO-aHATUTHYCCKYIO;

- XYIOXECTBEHHO-KOHCTPYKTOPCKOTO MPEUIONKCHHUS,

- XYIOXECTBEHHO-KOHCTPYKTOPCKOTO MPOCKTA,;

- pealu3aluu XyI0KECTBEHHO-KOHCTPYKTOPCKOTO pEeIICHHs, WiH pado-

4ero MPOCKTHUPOBAHUSI.

[ToaroroBuTeNbHASI, WIH (YHKIIMOHATHHO-aHAJTUTHYECKAS CTaaus HeoO-
XOIMMa ISl M3YYCHHUS MPEABAPUTEIBLHOTO 3aJaHMsI Ha MPOCKTUPOBAHUE U TIOJI-
POOHOTO 03HAKOMIICHHUS C TEMOH MPOEKTA.

[lenpro w3yuyeHUs 3aJaHusi Ha MPOCKTUPOBAHUE SBISACTCA. YSICHCHHE Iie-
JIeH, 3a7a4, 3aJaHHBIX YCJIIOBUM, ITAPAMETPOB U OCHOBHBIX XapaKTEPHUCTUK U3JIE-
JUSL ¥ Cpelibl er0 (PYHKITMOHUPOBAHMSI; CUCTEMHBIN aHAIU3 CTPYKTYPBI U3ICITHSI
U CBSI3e¢H MEXIYy €ro KOMIIOHCHTAMH; WU3YYCHHE DPa3IMYHBIX HCTOYHHKOB WH-
dopmanuu o TeMe; 3HAKOMCTBO CO CPOKaMHu M pa3paboTKa CEeTEBBIX Ipa(HKOB
MPOCKTUPOBAHHSI.

3HAKOMCTBO C TEMOW MPOEKTa OCYIIECTBISETCS B XOJE MPEANPOCKTHOTO
aHallu3a, KOTOPBIN BKIIFOYACT: aHadu3 (DYHKIIMOHUPOBAHMS W3ICIHS, €r0 0CO-
OCHHOCTH, y4YeT ONBITA SKCIUTyaTAllM¥ aHAJOTUYHBIX WU3JICIINI; aHAIH3 MapaMeT-

3 HexoTopble aBTOpBI TAKKE Pa3AEIAIOT MPOIECC NPOSKTHPOBAHMS MEOETH Ha UeThIpe
aTamna, UCTONb3ys JJIS HUX Ha3BaHWs, OTJIMYHBIC OT MPHUBEACHHBIX BhIIIE, a UMEeHHO [12]: |-ii
9Tall - UCCIeqoBaTeNnbCKui, |1-if - mouckoBeIl, |11-if - mpoexTHsIi, V-t - pabodero mpoek-
tupoBanus. CopeprkareabHO NEPEUNCIICHHBIE 3Tallbl UIEHTUYHbBI PACCMAaTPUBAEMBIM CTAIUSIM
MIPOEKTHPOBAHUS MEOETHHBIX U3/ACTHH.
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POB JI CO3JaHUsI ONTUMAJIbHBIX 3PTOHOMHUUYECKUX YCIOBUU pabOThl YEIOBEKA;
M3y4YeHHE BO3MOKHBIX BAPUAHTOB IMOCTPOCHUSI M3JENHUsI, BKJIOYas €ro KOHCT-
PYKIIHIO, KOMIIO3UIIHIO (POPMBI, TEXHUKO-3KOHOMHUYECKHE MMOKA3aTeIIH B JAPYTHE
KOMITOHEHTHI.

Cragus Xya0XKeCTBEHHO-KOHCTPYKTOPCKOTO MPEJIOKEHUs HallpaBieHa
Ha MOATOTOBKY ACKH3a M3JCJHS M TEKCTa MOSICHUTEILHON 3alMCKH, KOTOPHIE B
MaKCHUMAaJIbHOM CTETNIEHU PACKPBIBAIOT 3aMbICENT KOHCTPYKTOpa-aru3aiiHepa.

OcHoOBOUM s pa3pabOTKH XYI0KECTBEHHO-KOHCTPYKTOPCKOT'O MPEIo-
KEHUS MOTYT CIIYXKHUTh. YCPTC KU YHUPHIIMPOBAHHBIX M CTaHIAPTU3UPOBAHHBIX
JeTanei, BKIIOYECHHBIX B KaTajJor OTPaciIeBOM CHCTEMbl YHH(UKAIMHM IIUTOB
KOpITyCHOM MeOenu; CTaHIapThl W TEXHUYECKUE YCIOBUS, OIPEACISIONIne
(YHKIIMOHATBHBIC pa3Mephbl H3JICUi; 3apaHee pa3paboTaHHbIC YaCTH KOHCTPYK-
UM - MOJYJIH, BBIBOJBI M PE3yJbTaThl MEPBOM aHATUTUUECKOM CTAJUU MPOECK-
TUPOBAHUS.

Cragus Xyao>KeCTBEHHO-KOHCTPYKTOPCKOTO TpOEKTa HeoO0Xoauma Jjis
Pa3BUTHUS U YIIIYOJICHUS XYI0’)KECTBEHHO-KOHCTPYKTOPCKOTO MPEJIOKEHUS, 0~
BeJICHUS 00BbeMa MPOeKTa 0 YPOBHs, KOTOPBIN ONpeIesieH B 3a/laHMU Ha TIPOEK-
TUPOBAHUE. 3]1€Ch COXPAHSETCS OCHOBHOM KOMITO3MIIMOHHBINA 3aMbICEN MpPEabl-
TyIIed CTalui MPOCKTUPOBAHUS, HO PA3BUBAIOTCS U YTOUHSAIOTCS HEOOXOAMMBIC
CBEJICHUS O ACTAJIIX U3JCIUS.

OCHOBBIBasICh Ha pe3yJibTaTax MPEeAbIAYIIeH CTaJuu, MPeICTaBISIOIINX
00bEMHO-TIPOCTPAHCTBEHHOE PEIICHUE U COCTaB KOMIIOHEHTOB M3JIEJIUsI, OKOH-
YaTeJIbHO YTOYHSAIOT MacHITaOHOE pelleHue BCEeX JeTayied, Mpomopluid, ceue-
HUW; BBOJAIT TaKUE JCTaIH, KaK peOpa KECTKOCTH W MOAO0MPAIOT MPpOo(riM KOH-
CTPYKTUBHBIX OMOPHBIX AJIEMEHTOB; 00ECIEUMBAIOT MMOI00UE IIEJI0TO U €T0 Yac-
TeW, TPOM3BOMAT MPOPAOOTKY IIACTHKHA (OPM, KOHKPETHU3UPYIOT IIBETOBOE
oopMIICHHE, HAIOJIHSAIOT OOJIBINICH WH(POPMATUBHOCTHIO BHEHIHIOW (QOpMY;
BEIYT MAaKETHOE MOJECIMPOBAHHUE, 3aBEPIIAIOT KOHCTPYKTHUBHBIE UEPTEXH, CO-
CTaBJISIOT MOSICHUTENBHYIO 3aMMUCKY U aHHOTAIMIO ¢ apTyMEHTHUPOBAHHBIM 000C-
HOBAaHWEM IMPUHATHIX PEIICHUM.

Cragus pabouyero MpOCKTHpPOBaHHA (peaau3alMHi  XYA0)KECTBEHHO-
KOHCTPYKTOPCKOT'O PELICHHUs) BKIIOYAET Pa3pabOTKy TEXHOJOTHUYECKUX IMPOIIEC-
COB M3TOTOBJICHUS BCEX JCTaje U3Jeus ¢ y4aCTUEM TEXHOJIOTOB KOHKPETHOTO
MPENPUATHSI, COOTBETCTBYIOIIUX €r0 BO3MOXKHOCTSM, MpearnojgaraeMomMy oobe-
MY BBIMyCKa M3JCJINI; U3rOTOBJICHUE OMBITHOTO 00pasiia, ero UCIbITAaHUS U all-
pobanuio B 3KCILTyaTalldH; BBIABICHHE MHEHHS O HEM MOTpeOuTenel (Hampu-
Mep, IPHU MMOKa3aX Ha BHICTABKAX); BHECEHHE KOPPEKTHBOB.

Crnenyer OTMETHUTh, YTO B 3aBUCHMOCTH OT BHAa HU3JACIUN, HEKOTOPHIE
omnepanuy MOTYT OBITh MCKIIOYEHBI, €CIIM, KOHEYHO, 3TO HE MPUBEACT K CHUXKE-
HUIO Ka4eCTBa MPOTYKIUH.
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1.1.2. Anaau3 cTPpYKTYpPbI TPAAHIIMOHHOIO MpoIlecca
NPOEKTHPOBAHUS Medesn

Pemenue 3amaun aHanu3a mnpouecca TPOSKTUPOBAHUS MpeEIoiaracT Bce-
CTOPOHHEE €ro HM3y4eHHWe KaK COCTaBHOW YacTH OOIIET0 >KU3HEHHOIO IMKIIA
(OKTX) m3nenwmii. [Tpu sTom B XKL 11060T0 MPOMBIIUICHHOTO U3JICIHSI, BKIIIOYAs U
mpeaMeThl MeOelin, MOKHO BBIJICTTUTH JIBE CYHICCTBEHHO pasinyaromuecs (asbr:
BHYTPEHHIOIO ¥ BHEIIHIO. BHYTpeHHss ¢aza CylecTBOBaHUS U3ACIUs Ompee-
aset psia nponecco JKI (oT Havama paboT MO MPOSKTHPOBAHUIO MEOETHLHOTO
M3JeNUs O OKOHYAHUS €ro M3rOTOBJIEHUS U MOCIEAYIOLENH OTrPY3KH 3aKa3uu-
Ky), IPOTECKAIOIMUX BHYTPU MPEANPUATHS; BHENIHsS - mporiecchl JKII w3 menms
BHE mpeAnpusatus (OT MOMEHTAa MOCTaBKH U3JICNIHS MOTPEOUTEIIIO U B TCUCHHE
Bcero (hakTHYECKOro CPOKa €ro MCIOJIb30BaHu).

JlanpHeWmmii CTpyKTypHBIN aHanu3 BHyTpeHHeH ¢asbl XKL, conepxarnieit
MPOLIECChl MPOEKTUPOBAHUS U M3TOTOBJICHUS MPOMBIIIJICHHBIX U3JEIUN, BKIIIO-
yasi U CJIOXKHbIE MeOeNIbHbIE KOHCTPYKIIMH, MO3BOJISET BBIACIUTH CIEAYIOUIUE
JIBA BO3MO’KHBIX BapHaHTa. MPOEKTUPOBAHHE HOBOTO H3JEIUS M MOATOTOBKA
CTaHIAPTH30BaHHOTO m3aenus [ 13].

[IpoexTrpoBaHME HOBOT'O U3/IENUS BKIIOYAET B CEO0SI CIETYIOIIUE ATAIIbI:

- 9CcKu3Hoe npoekmupoeanue (OTmpenciieHUEe BHEIIHUX OTrPaHUYCHUH,
BBIOOP BApUAHTOB KOHCTPYKIIMU U METOJIOB UX peau3alluu, IpeaBapu-
TEJbHBIE PACYeThl, pa3paboTKa OMBITHOTO OOpaslia M €ro HMCIBITAHHUS).
[IpuMeHUTETPHO K MEOEIbHBIM H3JIEIUSIM, 3CKU3HOE MPOECKTUPOBAHUE
BKJIFOYaeT B ce0s CTaguu. TOATOTOBUTENbHYIO ((PYHKIIMOHATIHHO-
AHAJIUTUIECKYIO), XYIO0KECTBEHHO-KOHCTPYKTOPCKOTO MPETIOKCHUS U
XY10KECTBEHHO-KOHCTPYKTOPCKOTO MPOEKTA,;

- pabouee npoekmupoeanue (dTall «UHIYCTPUAIU3ZAMUN» WU3JACTHUS, CO-
CTOSIIIMH, B YaCTHOCTH, U3 Pa3pabOTKU pabounX YepTeIKEeH U3ICIHs);

- mexHon02u4ecKas noozomoeKka npouzeoocmea (Upe3BbIUANHO Bax-
HBIN 3Tan, 00eCreYrBaIOIUA B3aUMOICHCTBUE MPOEKTUPOBAHUSA U H3-
TOTOBJICHUSI U TPEOYIOMIMI TECHOM CBS3M MEXAY NMPOCKTHPOBAHUEM W
METOJIaMU U3TOTOBJICHUS);

- uz2zomoesnenue (pa3paboTka MPOU3BOJICTBEHHBIX IPapUKOB, 3aMyCK H3-
JeNIUsL B IPOU3BOJICTBO M COOCTBEHHO MTPOU3BOJICTBO);

- mexHuueckoe oocayycusanue (TapaHTUHHOE U MOCTETapaHTUIHOE 00-
CIIy’)KMBaHUE M3TOTOBJICHHOTO U3JICIIHSA).

CranmapTU30BaHHOE U3JEIHE — 3TO TaKOe H3JeiIue, KOTOpOe MOKHO
CIIPOCKTUPOBATh Ha OCHOBE YK€ UMEIONINXCs (paHee CIPOCKTHPOBAHHBIX) U3/Ie-
JTUi. DTan 3CKU3HOTO MPOEKTUPOBAHUS B JAHHOM CIIydae OKa3bIBAETCS COKpa-
HICHHBIM, MOCKOJIbKY HMCXOJIHbI€ JAHHBbIE, HEOOXOAMMBIE ISl TMOCIEIYIOIIETO
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9Tama pabo4yero MPOSKTHPOBAHUS, U3BECTHBI, M pa3padOTKa OMBITHOIO 00pasia
(peaqbHOTO WM B BHJIC KOMIIBIOTEPHOU MOJIEITN) OOBIYHO HE TPeOyeTcs.

OCHOBHBIM COJICP)KAaHHEM 3CKU3HOTO MPOCKTA SBJSAETCS pacueT CMETHOM
CTOMMOCTH, OCHOBaHHBI Ha aHAIU3€ MPEAbAYIIMX MPOCKTHBIX PEIICHUH, s
TOTO YTOOBI W3 PEIICHUH, paHee HCIOJIb30BAHHBIX HA MPEANPHUATHH, BHIOPATH
peleHue, KOTOpoe B HAUOOJBIICH CTEIICHH COOTBETCTBYET TPEOOBAHUSAM TEXHU-
YEeCKOT0 3a/1aHuUS.

B o01meM ciydyae cTpyKTypa MpoueccoB NPOSKTUPOBAHMS M U3TOTOBJICHHUSI
MPOMBIIIJICHHOTO HM3JEIUsI MOXET OBITh INMPEJCTaBICHA YKPYIMHEHHON CXEMOH,
noka3anHo# Ha puc. 1.1. [Ipu 3ToM HEOOXOAMMO OTMETHTh UTEPAIMOHHYIO TIPH-
POy Tpolecca TPOSKTUPOBAHMSI HOBOT'O HM3CIHUS, O0YCIOBICHHYIO HEO0OX0IH-
MOCTBIO BO3BpaTa Ha paHEee BBIMOJHEHHBIC ATambl (MIYHKTUPHBIC JTUHUH) - JUIS
MePEeCMOTPa MPHUHATHIX MPOSKTHBIX PEIICHUN B Cydae HEBO3MOXKHOCTH BBITIOJ-
HEHUS TpeOOBaHU, CHOPMYITHMPOBAHHBIX B TEXHHUYECKOM 3aJaHUH.

C ¢(yHKIMOHANTBHON TOYKH 3pCHHSI, IPOSKTUPOBAHUE MOXET PacCMaTpH-
BaThCs KaK COBOKYITHOCTh BUJIOB MPOEKTHBIX JAeHCTBHA (rpynn QyHKIMIA) U OT-
HOIIICHUI MEXIy HUMH U MPECTABIATHCS MOJHOCBI3HBIM Ipadom (puc. 1.2). B
o0IIIeM city4ae MpOoIecC MPOSKTUPOBAHUS MPOMBINUICHHBIX M3CIUH BKIHOYACT
CJIeIyIOIINEe OCHOBHBIE BUABI JesaTeapHOoCTH [ 13]:

- ocmbicieHue, BO BpeMsi KOTOPOro GOpMYITHPYIOTCS 3a1a4 MPOSKTHPO-

BaHUS WIH CPAaBHUBAIOTCS Pa3IUYHbIC TIPOCKTHBIC PEIICHUS;

- C030aHue HOBBIX W3JCIIMNA WU METOJOB PCUICHHS 3aJla4ll MPOSKTHPO-
BaHUS,

- pacuempvl, BBHITIOJTHSIONUECS B MPOIECCE MOJACIUPOBAHUS, MMO3BOJISIO-
Iero padoTaTh ¢ BAPTYAIbHBIMU MPOTOTUIIAMH U3 ICITHIA;

- 6blO60p cpeny BO3MOXKHBIX BAPUAHTOB PEIICHUS 3aJa4l MPOCKTHPOBA-
HUS Ha OCHOBE MMCIOIIMXCS TEXHHMYECCKUX JAaHHBIX (YepTekei, pacue-
TOB  T.1.);

- U3MEHeHUs B CYUICCTBYIONUX 00bEKTaX MPOCKTUPOBAHHSI,

- pedaKkmupoeanue 0OKyMEHmOg, COCTABJISIONINX MPOCKTHBIC PEIICHUS
U OMHCHIBAIOIIUX OOBEKTHI MPOCKTHPOBaHUS (CHEIU(PUKAIIUN, CMETHI,
YePTSHKH U T.1.);

- paboma c apxueamu, 3aKJIIOYAIOIIAACS B MMOUCKE y)KE CYIIECTBYIOUINX
MPOEKTHBIX PEUICHHUH, UCTIOIb30BaHUN KATAJIOTOB KOMIUICKTYIOIIUX H3-
JCNIUA WM O3HAKOMJICHUW C UCTOPHEH BUIOW3MECHECHHSI KOHKPETHOTO
U3JICITUS .
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Puc.1.1. Ykpynuennas cmpykmypHas cxema mpaouyuoHHsIX RPOUECCO8
NPOEKMUPOGAHUA U U32OMOBICHUA NPOMBIULTIEHHO20 U30eUs
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[TosHOCBA3HBIN rpad OTpakacT HAIUYHWE TBOPYECKOrO Hadajga B MPOCKT-
HOU JesTeNbHOCTH. B HeM MomuepKuBaeTcs TOT (aKT, 4TO OOBIYHO MOPSIOK
CIIC/IOBAaHUSI BHJOB MPOCKTHOW MCATEILHOCTH XECTKO HE (UKCHPYETCsS, W Ha
NpaKkTUKE MEePexXo] OT OAHOIrO BUJIA JAEATCIBHOCTH K JAPYroMy IPOHCXOIUT Oe3
KaKAX-TH00 pealbHbIX MPHOPUTETOB. YKa3aHHbIC BHbI JICATEILHOCTH BBIMION-
HSIOTCS Ha Pa3HBIX dTamax IMpolecca MPOSKTHPOBAHUS M, COOTBETCTBEHHO, pa-
0OTalOT ¢ MPOEKTOM, XapaKTEPU3yEMbIM Pa3IMUHON CTEICHBIO €ro JeTaTUu3aI[UH
(roTroBHOCTH).

SN

OcMEICIIEHHE

S X

NN

=
I

Pepaktup. PabGora ¢
~ JOK-TOB ~ apXHBOM
v \/

Puc.1.2. Ilonnoceasnwtii 2pagh 6ud06 npoeKmMHOU Oeasmea1bHOCmU

B TO ke Bpemsi, HCTOPUYECKHU MOCTPOEHHUE OOJBIIMHCTBA KOMMEPUECKHUX
CAIIP BBINOAHAIOCH MYTEM MOCIEI0BATEILHON aBTOMATU3aLUNA PA3JIMYHbBIX BU-
70B AesITeNbHOCTH ((DYHKIMOHAIBHBIX TPYII) Mpolecca MPOSKTUPOBAHMS, T.C.
MIPUOPUTETHOCTh PELICHUS 3aJa4 NMPOECKTUPOBAHUS OINPEACNIAIACh CTEIEHBIO UX
HAaCylIHOCTM B TOW WM HHOW mpenmeTHoil obmnactu. Ilpu stom Hambonbiiee
pacnpoctpanenue noayuwin CAIIP, B KkoTOpeIX obecrieunBaeTcsi €AMHOOOpas-
HbI cnoco0 HMCIOJIB30BaHUS CPEICTB aBTOMATHU3ALMU U1l KaKOro-aubo BHUA
NEATENBHOCTH Ha Pa3HBIX ATamnax IMpOLecca MPOEKTUPOBAHUSA, T.€. PEATU3YIOT
YHUGUIUPOBAHHBIE TIPOEKTHBIE TIpoLeaypsl. s qoCTHKEeHHs 3TOH 1eH 1ene-
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co00pa3Ho pa3MecTuTh B IIeHTpe cTpyKTypsl CAIIP nHbopmamonHoe «saapo» -
MHOTOYPOBHEBYIO M MHOTOACHEKTHYI0 MOJIEIb 00bEKTa MPOEKTUPOBAHHUS, C KO-
TOPOM B3aMMOJEHUCTBYIOT U KOTOPYIO HAIIOJHSIOT Pa3JUYHbIE BUJBI JIESITEIBHO-
CTU U CPEICTBA MX aBTOMATH3allMM HAa Pa3HbIX 3Tamnax Ipolecca NpOeKTHPOBa-
HUS.

1.1.3. OcobeHHOCTH TPAAUIIMOHHOW MAPAIUTMbI ABTOMATH3MPOBAHHOT 0
NPOEeKTHPOBAHMS KOPIYCHOM Me0esu

CoBpeMEHHbIE METOJUKHU TPOEKTHPOBAHUS MeOenu MpeanojararoT Tec-
HYI0 B3aHMOCBSI3b UWHKCHEPHOTO (KOHCTPYKTOPCKOTO) W JAU3aiiHepcKoro (Xynmo-
’KECTBEHHOT0) mpoekTupoBanus [14- 16]. C ogHON CTOPOHBI, MEOCIBHBIC U3/e-
JUSL TOJDKHBI OBITh TEXHUYECKH COBEPIICHHBIMU, UMETh PAIMOHAIBHYIO U TEX-
HOJIOTHYHYIO KOHCTPYKIIMIO, 00ECIeYynBaTh HEOOXOAMMYIO MPOYHOCTH, YCTOM-
YUBOCTH, )KECTKOCTh M JOJTOBEUYHOCTh. C IPYyrol CTOPOHBI, MeOEb, SBISAACH
00BbEKTOM JaM3aiiHepCKON pa3paboTKu, MpeacTaBiseT co00il XyIOXKEeCTBEHHO-
npomeliieHHoe u3aenue. CepuilHoe U MaccoBoe MPOU3BOJICTBO MeOenH He uc-
KIII0YaeT AU3aiiHepCKOro MPOEKTUPOBAHHUS, OHO JIMIIL MpPEINoyaraeT Takoe Hu3-
MEHEeHHEe MapaMeTpoB AM3aiiHa, Korja MepBOCTENEHHOE 3HAYEHUE MpUoOpeTaeT
MPUHIIUN MOIU(DHUKALINY, TTO3BOJISIONMMNA COBEPIICHCTBOBATh ICTETUUECKHUI 00-
JUK U3JIETUS TyTeM U3MEHEHUs ero (QYyHKIIMMA, UCIIOIh30BaHUs HOBBIX CTUJIEH U
OOHOBJICHHS JEKOpa.

B »T0l cBsA3M 1enecoo0pa3Ho BBIACTUTH XapaKTepHble 0COOCHHOCTH Tpa-
IUIIMOHHOW TMapaJurMbl aBTOMATHU3HPOBAHHOTO MPOSKTHUPOBAHHUS KOPITYCHOM
MeOenH, KOTOpPhIE MO3BOJAT 00jiee TOYHO OMPENETUTh TPaHUIl WHKEHEPHOU
(KOHCTPYKTOPCKO¥) M TBOpYECKOHN (IM3aiHEPCKOHN) COCTABJSIIONIMX B OOIIEM
IpoILecce MPOSKTUPOBAHHUS.

CoBpeMeHHbIE MPOTPAMMHBIE CPEICTBA aBTOMATH3AIMU KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUX pabOT, UCTIOIb3yeMble TTPU pa3paboTKe HOBBIX WU MOAU(U-
Kallu¥ CYIIECTBYIOIMNX MEOENbHBIX M3ENUN, JOCTATOYHO JKECTKO periaMeHTH-
PYIOT EATETbHOCTh KOHCTPYKTOpA. ITO CBSI3aHO C TEM, YTO JIt00ast MPOayKTHB-
Hasg paborta B cpene cneuuanusupoBanHoil CAIIP mebenu npeanonaraer cieno-
BaHHE OIPEICICHHOMY TEXHOJOTHYECKOMY MaplIpyTy mpoekTupoBanus. Jpy-
TUMH CJIOBaMH, WHCTpyMeHTalnbHble cpenactBa CAIIP, mpencraBienHble mpo-
TPaMMHBIMH MOJYJISIMH, 00pa3yloT HHGOPMAIIMOHHBIA KOHBEHEP, BBHIXOJAOM KO-
TOPOTO SIBISETCS MPOEKT (COBOKYIMHOCTh MPOCKTHBIX PEHICHHI), HEOOXOMMBIH
IUIs. U3TOTOBJICHUS! U CONIPOBOKICHUS pa3pabaTbiBaemMoro uznenus. Hecornaco-
BaHHOCTh B (popMaTax JaHHBIX HJIM B MOCIEAOBATEIHLHOCTH 00PaOOTKU JaHHBIX
MOIYJISIMA CHCTEMBI OOBIYHO TIPUBOJMUT K OCTAHOBKE KOHBEHepa U cOOSIM B pa-
00Te HaJ MPOEKTaMHu.
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TpaguUMOHHBIA MapIIPyT NPOCKTUPOBAHUS BKIIKOYAET CIEAYIOLIHME IPO-
€KTHBIE NMPOLEAYPHI U ONEPALUH:

pa3paboTKa reOMEeTPUIECKOW MOJIENH MEOESIBHOTO H3/1eus (B HACTOS-
ee BpeMs UCIONB3YyeTCsl, KaK MPaBUIIO, TPEXMEPHOE MOJICITHPOBAHUE)
U €€ BU3yalu3alus;

dbopMHpOBaHHE KOHCTPYKTOPCKO-TEXHOJOTHMUECKOW JOKYMEHTAIUH,
KOTOpasi BKJIFOYAET B ce0s1 cOOPOUHBIN YepTek, paboune yepTexKu AeTa-
neil u cnenupuKanuio pa3padaTbiBA€MOIo U3IENINS;

pacdyeT CMETHOM CTOMMOCTH HM3IEIHs M NMOArOTOBKA JAaHHBIX JUIS Mepe-
a4y B IPOTPAMMBbI IPOU3BOACTBEHHO-aHAJIUTUYECKOTO YUETA;
pa3paboTKa TEXHOJOTMYECKUX MPOLECCOB HW3TOTOBICHUS W3JENMS,
BKJItOUas (hopMHupoOBaHUE MIaHa (KapT) packposi JINCTOBBIX MaTEPUAJIOB,;
MOATOTOBKA JAHHBIX U YIIPABJISAIOIIAX IPOTPaMM ISl IEpEIadyu B CTAH-
KU C YHCIIOBBIM MPOTrpaMMHBIM yripaBieHueM (UITY).

OdepeaHOCTh BBINOJIHEHUS YKa3aHHBIX MPOUEAYp MaplipyTa, 3a UCKIIIO-
YEHUEM MEPBOM, MOKET BapbUPOBATHCS, YTO, OJTHAKO, HE CKa3bIBAaETCA Ha 00mIeH
MIPOU3BOAUTEIIFHOCTH KOHBEWepa MpoeKTUpOBaHus. TakuM oOpa3oM, OCHOBOIIO-
nararorieit B pabote CAIIP meGenu sBnseTcs reoMeTpuyeckas MOJCIb MPOCK-
Tupyemoro oowekrta. [Ipu 3ToM HEOOXOAMMO BBIAEIUTH CIEAYIOINE OCOOEHHO-
cTu coBpeMeHHbIX komMepueckux CAIIP kopnycHoil mebenu:

1) BeinotHeHHE TIPOSKTUPOBAHKS HA CPABHUTEIIBHO HU3KOM ypOBHE a0CT-

pakIuu, MOCKOJBKY I (popMUpPOBAHUS TEOMETPUUECKON MOJIEITH Tpe-
OyeTcsi 3aJaHUE TaK Ha3bIBAEMbIX HMCIOJHUTENBHBIX KOOPAMHAT 3Jie-
MEHTOB MoJein. KOppeKTHOCTh BBOJAA MHOXKECTBA KOOPJAWHAT TPYAHO
MPOBEPUTH U, KaK CJIEACTBUE, HEBO3MOKHO HCKIIOUYUTh CYObEKTHUBHBIN
(dakTOp U OOHAPYKUTH OMMUOKN HA PaHHUX CTAAUSIX KOHCTPYHPOBAHUSA,
T.€. 10 Ha4aJa U3rOTOBJIEHUS U3IETUA.

2) OTCcyTCTBUE aJeKBATHBIX CPEJCTB I 3aJaHus M XpaHeHHs HWH(GOpMa-

MU O CTPYKTYPHOU KiacCcU(UKAIMK 3JIEMEHTOB KOHCTPYKIIMU MPOEK-
TUPYEMOTO H3JETHs, 32 HCKIIOUYEHHEM BO3MOXKHOCTH OIHCAHUSA Me-
OenbHBIX COOpOK (OJIOKOB) - TIOMMEHOBAaHHBIX TPYII TpadUUecCKux
O00BEKTOB, MPEACTABICHHBIX IIUTOBBIMH dJIEMEHTaMU (ITaHEIsAMU), Kpe-
MEKHBIMH AJIEMEHTAMHU | T.J. DTO HE TIO3BOJISAET BBHIMOJIHUTH CTPYKTYP-
HO-JIOTMYECKUI aHadu3 KOHCTPYKIIMU HU3JeNHs, T.€. BBECTH JOIOHH-
TEJbHBIN YPOBEHBb B CHCTEME KOHTPOJISI KaueCTBa MPOSKTUPOBAHUS.

3) ba3oBbIM rpaduuecKUM 3IEMEHTOM MPH MPOSKTUPOBAHUU KOPITYCHOTO

MEOENBHOrO M3JENMs SIBISIETCS JINCTOBAsl MAaHENb, NPEACTABISIOIIAs
OCHOBHBIE KOHCTPYKIIMOHHBIE MaTepHasibl MeOETbHOW MPOMBIILIEHHO-
ctu - JCtIIl, MA@, ABII u apyrue. [Ipu 3ToM MHOTHE ONEpanuu mpo-
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EKTHUPOBaHUsA, pealN30BaHHbIE B OOJBIIMHCTBE CIEUATU3UPOBAHHBIX
CAIIP mebGenu, HEe «UyBCTBYIOT» MaTepualia TMaHeNeH, AomycKas HX
B3aMMHbIEC HAJIOKEHUS, IEPECCUCHUS U UHbIE HEKOPPEKTHOCTH, YTO SIB-
JseTCsl MOTEHUUATbHBIM UCTOYHHUKOM KOHCTPYKTOPCKHX OmmOok. OT-
nenbHble CAIIP nns KOHTpOdst M MCHpaBieHUS MOAOOHBIX CHTYyalui
BKJIFOYAIOT CIeluadbHble (YHKIHWH, HAMpUMEp, OTEpalHi0 yaaleHUs
nyonukatoB («bCAD nmns MeGenbluka») WIM aBTOMATHYECKUH KOH-
TPOJIb KOPPEKTHOM YCTAHOBKHU Kpene:xkHOH GpypHUTYphI (<KBA3UC»).

4) OTcyTCcTBHE KaKUX-THOO (OPMATBHBIX CPEACTB KOHTPOJIS OMIMOOK TIpH
M3MEHEHUHU KOHCTPYKIMU paHee pa3paOOTaHHBIX M3AENHM, YTO TaKkKe
HE CHMIKAET BIMSIHUE CYOBEKTHBHOTO (haKTOpa MPHU BHITOTHEHUH IPO-
EKTHUPOBAaHUS.

1.2. CucremMbl aBTOMATH3ALMH TPAJAUIIHOHHOTO MpoIecca
NMPOEKTUPOBAHUS KOPNYCHOM Meben

B nactosmee Bpems sddekTuBHas pa3paboTka MPOEKTOB CIOKHBIX KOp-
MyCHBIX MEOENbHBIX W3ACNUN M aHcaMOneld HEBO3MOXHa 0€3 HCMOJb30BaHUS
COBPEMEHHBIX CpPEJICTB aBTOMATHU3ALMUHU MPOCKTUPOBAHHUSA, TEXHOJIOTHYECKOU
MOATOTOBKHY MPOU3BOJCTBA U yIpaBieHus. Hanuuue moqoO0HBIX CpEeCTB ABISET-
Cs HEOOXOIMMBIM YCJIOBHEM O00ECIIEUEHHUSI BHICOKOTO KAYECTBa MPOECKTUPYEMBIX
O0OBEKTOB MpU 3HAYUTEIBHOM COKpAILEHUH 3aTpaT BPEMEHHM Ha BBITIOJHEHUE
MPOEKTUPOBAHUS U KOJIMUECTBA OIIMOOK CYOBEKTUBHOIO XapaKTepa.

Ha Bcex ctagusix TpaJuMLIMOHHOTO Mpolecca MPOSKTUPOBAHUS MOTYT HUC-
MOJIb30BATHCA MPOTrPaMMHBIE CPEJICTBA, ABTOMATU3UPYIOLIUE BBINOJIHEHUE TPO-
€KTHBIX paboT: rpaduuecKkre U TEKCTOBBIC PEAAKTOPHI, YHUBEPCAJIbHBIC U CIie-
IMAJTM3UPOBAHHBIE CHCTEMBl aBTOMATHU3UPOBAHHOIO MPOEKTHUPOBAHUS, IPO-
rpaMMbl (HOTOPEATUCTUIHON BU3YyaTU3aINH U IpyTHE.

Ha moaroroBurenbHOU ((PYHKIIMOHATBLHO-aHATUTUYSCKON) CTaJIUH, KOTO-
pasi IpearnoiaraeT aHajau3 U nepepadoTKy OoJbIIoro oobemMa MHGOPMAIINH, OT-
HOCAIIEHCS K OINpeAeieHHOW MpeJIMETHOM 001acTH, MOKHO HCIOJIb30BaTh
CAIIP ¢ sneMeHTaMu MOMCKOBOTO KOHCTPYMPOBAHUSI Ha OCHOBE CHUCTEM YIIPaB-
nenus 6azamu naHHbIX (CYB/l) yauBepcanbHoro tuma [17].

Ha ctagum XynoxecTBEeHHO-KOHCTPYKTOPCKOTO MPEAJIOKEHHUSI MOXKET HC-
nojb3oBaThcs mouckoBas CAIIP, ocnoBanHas Ha CYB/] 1 ocHameHHas KaTajo-
ramu (OuOIMOTEKaMK) YHUQPUIIMPOBAHHBIX W CTaHJAAPTU30BAHHBIX ACTANCH W
u3nenuii (Moayneit). Pa3paboTka 3CKHM3HOTO MpPOEKTa OOBIYHO BBIMOJIHSIETCS C
UCIOJB30BaHUEM MHOTO(YHKIIMOHAIBHOTO TpaduiIecKoro peaakTopa u/vim
cnenunanusupoBanHoil CAIIP, opueHTHPOBAHHON HA MOArOTOBKY KOHCTPYKTOP-
CKO-4epTEKHON JOKYMEHTAIIUHU.
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Ha ctagnu Xya0’kecTBEHHO-KOHCTPYKTOPCKOTO MPOEKTa MpeIoaaraeTcs
HCToJib30BaHue KOHCTpYKTOpckoit CAIIP, ocHamieHHOM cpeacTBaMU BBICOKOKA-
YECTBEHHOUW TPEXMEPHOU BHU3yanu3anuu mpoekros KMUA.

Ha cragum pa®odero mpoeKTHPOBAHUS MOXKET HCIOJIb30BATHCS KOHCT-
pykropckas CAIIP, ocHameHHas cnienyaau3upOBaHHBIMU MOAYJISAMH JUIsl aHa-
JUTUYECKUX PACUETOB MPOYHOCTU, YCTOMYMBOCTH, KECTKOCTHU KOHCTPYKIIMH, a
TaK)Ke aBTOMaTU3UPOBAHHAS CUCTEMA TEXHOJOTUYECKOM MOATOTOBKU MPOU3BO/I-
ctBa KMUA.

CoBpemennbie koHCTpykTOpckue CAIIP mpenocTtaBisiioT MIMPOKHE BO3-
MOKHOCTH JIJIsl TEOMETPUUYECKOTO MOJIETMPOBAaHUS pa3padaTbiBa€MbIX U3EIIHI 1
cocTapisitonux ux getanei. [Ipu atom 6oapmmHcTBO CAIIP MammHocTpoeHus
MOXKHO aJalTHUPOBaTh JJI PEUICHUs 3aJad KOHCTpyupoBaHHs mebenu. OnucaH
MOJIOKUTENIbHBIN ONBIT UCTIONb30BaHUs MO00HBIX CAIIP myist mpoekTtupoBanus
u3nenuid kopnycHoit medenu (Hampumep, AUtoCAD [18], Mechanical Desktop
[19, 20], Caddy [21], T-Flex CAD [22, 23]). Onnako Haubosnee 3(hHEeKTHBHO ITH
3a7aud pemiaroTrcs ¢ nomMoulpto cneruainzupoBaHubix CAIIP, yuuTeiBarommx
OCOOCHHOCTH KOHCTPYHMPOBAaHHMS U MPOU3BOACTBA CIIOXKHBIX KOPIYCHBIX Me-
OeJIbHBIX U3JIEINN U aHcaMOJIeil Ha UX OCHOBE.

B nacrosiiiee BpeMs Ha pOCCHUIMCKOM PBIHKE CIIEIUATU3HUPOBAHHOIO MPO-
IPAaMMHOI0 OO€cCIeueHus, TPeAHA3HAYEHHOI0 Il aBTOMAaTU3aI[Mi MPOEKTHPO-
BaHUs KOPIYCHON MeOenu, JoMuHupYI0T oTeuecTBeHHbIe CAIIP Mebenmn. Cpean
HUX HaWOOJBINIYI) W3BECTHOCTh TMOJYUYWIHM CICAYIOIIUE TPH CHCTeMbl [24]:
BA3UC (OO0 «ba3uc-llentp», r. Komomua), bCAD mns Me6Genbiuka (3A0
«[Ipollpo I'pynmna», r. HoBocuoupck) u K3-Me6ens (HBI «I'eoC», r. Hukuuii
Hogropox). CienyeT Takke OTMETUTh JIBE YKPaWHCKHE Pa3pabOTKH, MOJIYYHB-
IIKe J0CTAaTOYHO ImHpokoe pacmpoctpanenue [25]: Woody (OOO «HuteAp
JItn», r. Kue) u 3D-Constructor (OO0 «Dnekpan Cod1», r. Onecca). Huxke
Kakasi M3 YKa3aHHBIX CUCTEM pacCMOTpeHa 0osiee moipooHo.

1.2.1. CAIIP «<BA3UC»

00O «bazuc-llenTp» (Www.bazissoft.ru) mpemraraer mpow3BOIUTEISAM
kopnycHoM Mebenu «bBA3MC» - KOMIUIEKCHYIO CHCTEMY aBTOMATHU3alMH KOH-
CTPYKTOPCKO-TEXHOJOTUYECKUX pabOT Ha MeOETHbHOM MPEANPUATHN, UMEIOIIYIO
HACTpaMBaeMyI0 MOIYJIbHYIO CTPYKTYpPY. B ee cTanmapTHBII cOCTaB BXOMAT Clie-
AYIOIIUE TPOTpaMMHBIC MOy H [26]:

BA3BUC-Mebeabuk - 0a30BBIA MOJIYJIb CHCTEMBbI, ()aKTHUCCKH TIPE]-
craBisironuid rpadudeckuii pegaktop «bA3MC-KoncTpykTOp», QYHKIIMH KOTO-
POT0 pacuIupeHbl MPUMEHUTEIHFHO K MMPOSKTUPOBAHUIO KOPITYCHON MeOeH;
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BA3BUC-IlIkad - mMoaynp mapaMeTpUYECKOTO MPOEKTUPOBAHUS MeOeb-
HBIX U3JCNIUI, KOHCTPYKTUBHBIMU MPOTOTUIIAMHU KOTOPBIX SABISIOTCSA MPSIMO-
YTOJIbHBIC U YTJIOBBIE MIKA(]HI;

BA3BUC-Cmera - Moaynb pacyeTa CMETHOM CTOMMOCTH W3AENHS C yde-
TOM MaTepHAIbHBIX, TPYAOBBIX U (DMHAHCOBBIX 3aTpaT HAa €T0 U3TOTOBIICHHUE;

BA3UC-Packpoii - moayns popMupoBaHUs TJIaHa PACKPOs JTUCTOBBIX H
MOTOHHBIX MATEPUAJIOB C BO3MOKHOCTBIO €70 ONTUMM3ALIMH TI0 PAAY KPUTEPHUEB;

3D-Bu3yanu3anus - MOAYJb IS TIOTYYSHHUS TPEXMEPHOTO H300paKeHUs
MoJiesiel MeOeNbHBIX HU3JCIUN, CO3JaHHBIX C MoMolplo moayiert «bA3UC-
Meo6enbiuk» u «bBA3UC-Ikad»;

BA3UC-Canon - Moayib jid aBTOMAaTU3alMU MOJEIUPOBAHUS UHTEPh-
€pOB MOMEIIEeHU U 0(OPMIICHHSI 3aKa30B Ha M3TOTOBJICHUE KOPITYCHON MeOenH,
npeIHa3HAYCHHBIN JJIS UCTIOJIb30BaHMsI B MEOCTBHBIX caloHaxX (Mara3uHax);

BA3UC-Ckaan - Moaynb Jjs aBTOMaTH3alldd pabOThl HepapXUUYECKHU
OpraHU30BaHHBIX MAaTEPUAIIBHBIX CKJIaJ0B MEOEIBHOTO MPOU3BOACTBA, BKIIOYAS
BEJICHHE OIEPATUBHOIO CKJIAJICKOIO ydeTa, MOAAEPKKY MPUXOTHO-PACXOIHBIX
onepany 1 T.1.;

BABUC-YIIY - Monaynb AJis aBTOMAaTU3UPOBAHHON MOATOTOBKHU U Tepe-
naurd uHGOpMAIMU O AETalsAX W3/ACIUS B YNPABIAIONIYIO MPOrpaMMy CTaHKa C
UITY. B nHacrosmee BpemMsi MOAYyJb TMOIAEpKHUBAET (popMaThl AAHHBIX YIIpaB-
JSIONIUX TIporpamMM it ppe3epHo-TiprcaaodHbIx cTankoB ¢ YITY npousBoacTBa
HOMAG Group (mox ympaeiennem WoodWOP 4.5), BIESSE Group (mox
yrnpaeiaeareM NC500 u NC1000) u IMA (nox ynpasinenuem | mawop 4.0).

[Iponiecc pa3pabOTKU T€OMETPUUYECKOW MOJEIH CIOXKHOIO KOPIYCHOTO
MebenpHOro M3aenus B cpene CAIIP «bBA3MC» MOXHO OCYIIECTBUTH JIBYMS
croco0aMu, BOCTIOIBb30BaBIIUCH [ 27, 28]:

- CIEeNHMAIM3UPOBAHHBIMA «MEOETHFHBIMU» M YHUBEPCAJIBbHBIMU Tpaduye-
CKUMU HWHCTPYMEHTaMH, TMpeacTaBieHHbIMU B Moxaylie «bA3UC-
Meb6enbImK» - I BRITTOJTHEHUS TTOJIHOTO IUKJIA pa3paboTKU MOJIENH;

- cpeactBamu moxaynsi «BA3UC-Ilkad» - mmsa ObICTpO MOATOTOBKH
MPOTOTUITHON MOJENU U3ACNHs, a 3aTeM, IMPU HEOOXOJAUMOCTH, UHCT-
pyMmeHTamu Monyisa «bA3MC-Mebenbuk» ¢ 1eIbl0 OKOHYATeJIbHOMN
JT0PadOTKH MOJIEIIH.

[Tocne MOATrOTOBKM reOMETPUYECKON MOJIETH KOPIYCHOr0 MeOEIbHOTO M3-
JEIUST MOKHO pacCYMTaTh CMETHYIO CTOMMOCTb €r0 M3rOTOBJICHMS, BOCIHOJIb30-
BaBmuch MoaysieM «bBA3C-CmeTa». JlaHHBIN MOIY/Ib MO3BOJISET TAKXKE PacCUu-
TaThb CYMMapHYI0 CTOMMOCTh HECKOJIbKUX MEOEJIbHBIX HM3ENHMA, BKIIOYEHHBIX B
npoekT (3aka3), IpH 3TOM YYMTHIBACTCS TaK Ha3bIBaeMbIi K03(dHIMEHT cepuii-
HOCTH.



27

[Tocne pacuera CTOUMOCTH M3ICIHS MOKHO C(HOPMHUPOBATH ONMTHUMAIbHBIC
KapThl packpos auctoBeix Matepuanos (JCtII, JABII, ABCII, danepa u T1.1.),
BOCIOJIb30BaBIIKCH MoyeM «bA3UC-Packpoii». C mOMOILIBIO 3TOT0 ke MOJY-
JI1 MOXKHO TIOJIYYUTb IUIAH PACKPOS MOTOHHBIX MaTEPHUAIOB.

Takum 00pa3zoM, pacCMOTPEHHBIE BbILIE MPOEKTHBIE MPOILEAYPHI, BBINOI-
HS€MbIE€ C TOMOIILI0O OCHOBHBIX MOAYJIEW CHUCTEMBI, pEaU3yIOT MPOIIECC MPOEK-
TUPOBAHMS, OPUEHTUPOBAHHBIM HA TPAJULMOHHYIO MPOU3BOJCTBEHHYIO Mapa-
IUTMY, B paMKax KOTOPOW OCYHIECTBIISIETCS CEPUNHBIN WM WHIWBUAYAJIbHBIN
BBIITYCK MEOEIH.

JononuurtensHeii Moayib «BbA3UC-Canon», pa3paboTaHHBII CpaBHH-
TenbHO HenaBHO - B KoHIE 2005 r., mpeaHa3HaueH Uisl aBTOMATU3AlMH MPOIe-
IypHhl NpreMa 3aKa30B Ha KOPIYCHYIO MeOelb, U3rOTaBIMBAEMYIO B paMKax Tpa-
IUIIMOHHOW TMPOM3BOJICTBEHHON mMapaaurMbl. OH COCTOUT M3 TpeX (YHKIIHO-
HaJbHO Pa3JIMYHbIX KOMIIOHEHTOB:

- 0ok (QOpMUPOBAaHUS TMPANUC-TUCTOB (DJICKTPOHHBIX KaTaJlOTOB) Me-
OCNbHBIX W3ETUN ¢ TPYNIUPOBKON HUX MO (PYHKIIMOHAIBHOMY, KOHCT-
PYKTHBHOMY WJIM MHBIM MpHU3HAKaM (HampuMmep, 1o MPUHAICKHOCTH K
(bUpMe-U3TOTOBHUTEIIIO);

- OJ0K MOAeNHpOBaHUsI 000PYAOBAaHHOTO MHTEpPbEpA MOMELIEHHUSI, TO3BO-
JSAIOMIMN MOCTPOUTh BUPTyaAJIbHOE MOMEIIEHUE, JOCTATOYHO TOYHO Iie-
penaroliee apXUTEKTYPHO-CTPOUTENIbHbIE OCOOEHHOCTH PEAIbHOrO T0-
MEILEHHS], U NPOU3BECTH B HEM PACCTAHOBKY MOJENeld MEeOENbHBIX U3-
JIeJINH,

- Oyok popmMupOBaHUS MPOU3BOJICTBEHHOTO 3aaHMsI I TIEpeJadn €To B
MPOU3BOJICTBO 0€3 BBHIMOJIHEHUSI KAKUX-TUOO NOMOJHUTEIbHBIX ACHCT-
BUi1 MO 00paboTKe 3aKasa.

JlaHHBIA MOIYJb TTO3BOJISIET MPHUBJICYD 3aKa34uMKa K y4acTHUIO B pa3padoT-

Ke au3aiiHepckoro mpoekTta. lcmonb3ys 3apanee chopMUpOBaHHBIE IIpaiic-
JUCTHI, TU3aifHEP COBMECTHO C 3aKa34yMKOM (DOPMHPYET BUPTYaJIbHBIN HHTEPHED
MOMEIIEHHUSI, 3aM0IHsAS ero Haubosiee MOAXOAIIMMHI MOJEIAMU KOPIYCHON Me-
0enM W KOMIUICKTYIONUX W3S/l (TaKMMH, HalpuMep, KaK Jalla MOWKH, BbI-
TSOKHOU mIKad), ra30Bas WU dJICKTpUYECKas TUUTa U T.11.). B mo0oi MoMeHT pa-
00TBI HaJ MPOEKTOM MOXXHO MOJYYUTh OOIIYI0 CTOMMOCTH 3aKasa, Cou3Mepss,
TaKUM 00pa3oM, MOXKEIaHHs 3aKa3dhuKka C ero (PMHAHCOBBIMU BO3MOKHOCTSIMHU.
ITo 3aBepiiennn paboOTHl HAJ MPOEKTOM MHTEPbEepa aBTOMATHYECKU (GOPMHUPYET-
cst uH(opMarus a7 nepegavyn B MPOU3BOCTBO WIIM HA OTTPY3KY TOTOBBIX M37e-
JIMH CO CKJIaJa.

B 1o xe BpeMs, cienyeT OTMETUTb, YTO BO3MOKHOCTH MoAyis «ba3zuc-
Canon» no-npexHemy He MO3BOJISIOT BBIMTH 332 paMKHU TpaJUuLlMOHHOW Mapajur-
MBI MPOEKTUPOBAHUSA KOPIYCHOM MeOenu sl CepUuiHOro npousBoicTBa. [lpu
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paboTe ¢ 3aKa3YMKOM BCE€ MOJEIM MEOENbHBIX U3JENUN JOJKHBI OBITH MOJTHO-
CThIO MOATOTOBJICHBI (OMpEACSICHbI) U BKJIIOYCHBI B Mpaic-mucThl. [Ipon3BoIib-
HOC M3MCHCHHE TCOMETPHUYSCKHX XapaKTEPUCTHK H37esni (B yacTHOCTH rada-
PUTHBIX pa3MEpOB) Ha JaHHOM 3Talle HMCKIIOYASTCS, BO3MOXKHA JIMIIL 3aMEHA
OOJIUIIOBKH U JCKOPATUBHOW (PYpPHHUTYpPHI (PYyYKH IBEPEIl U BBIJIBUIKHBIX SIIIH-
KOB, OTIOPBI HAMOJIBHBIX U3JICIHH U T.I.). DTO SABISCTCSA CYNICCTBCHHBIM OI'PaHU-
YeHHEeM IPU OpPTraHM3alliy T03aKa3HOTO MPOMBIIIIEHHOTO MPOU3BOJCTBA KOP-
MycHOM MeOenu.

1.2.2. CAIIP «bCAD aasa Mebdeapmuka»

3A0 «IIpollpo I'pynma» (WWW.propro.ru) npeiaractT MeOSIbHBIM TIpe/I-
npusATUSAM nporpammubii naker «<DCAD mis MeOGenbuka», npeTHa3HaAYCHHBIH
JUIA aBTOMAaTH3AIlMU TPOEKTHUPOBAHUA W KOHCTPYKTOPCKO-TEXHOJIOTHYECKOM
MOATOTOBKHU MPOU3BOJACTBA KOPIyCHOW MeOenu. B ocHOBe JaHHOTO MakeTa je-
KUT yHUBepcanbHas rpaduueckas cucremMa BCAD, obecnieunBaromniasi IMUPOKUE
BO3MOYKHOCTH JIJIS1 BHITIOJIHEHHS IBYXMEPHOTO YEPUCHHUsI, TPEXMEPHOTO MOJICTH-
poBaHUS U (POTOPEATUCTHYHON BHU3YyaIH3alMH OOBEKTOB BBICOKOUW CIOKHOCTH

[29].

OpnHoli U3 ocobenHocrei rpaduueckoit cuctemsl DCAD, oTinuaroriei ee
OT JAPYTUX CUCTEM MOJO0OHOTO Kilacca, IBIAETCS OTKPHITOCTh. OHa 3aKItouaeTcs
B TOM, YTO B PACTHOPSDIKEHHE TOJB30BATENs MPEAOCTABISICTCS TaK Ha3bIBAEMBIM
unTepdeiic npukinagHoro nporpammupoBanus bAPI (bCAD Application Pro-
gramming Interface), mo3BosstoNIMiA BHIMOIHATH Pa3paboTKy COOCTBEHHBIX MPH-
JIOKEHUH Ha s3bIKe Java, obecrmeumBasi JOCTYN K BHYTPEHHUM (QYHKIHUSIM U
cTpykrypaMm gaHHbIx cucteMbl DCAD [30].

[Tporpammusbrii maker «DCAD mis MeOenbimka» npeacTaBisieT coOoi
pacmupseMblii HA0Op MeOEIbHBIX MPUIOKEHUN (MHCTPYMEHTORB), HAITMCAHHBIX
Ha fA3bIKe Java u peanu3ylomux ChelualIu3upoBaHHbBIE KOMaHIbI, MpeIHa3HA-
YeHHBIC ISl YCKOPEHMsI M OOJIETYEHHUsT KOHCTPYUPOBAHHUS KOPIYCHOW MeOemnu.
[TpakTrdecku Bce MebOenbHbIe npuiokeHus nakera «DCAD mist Mebenbipka»
00eCIeYnBalOT BBHIBOJ HAa dKpaH IUAJOTOBBIX OKOH PAa3IUYHON CIIOKHOCTH KaK
MPOCTBHIX, TAK M COCTOSIIIMX M3 HECKOJBKHX CTpaHMIl ¢ 3akiankamu. CpencTBa
yIpaBICHUS, IPEICTABICHHBIC B JUAJOTOBBIX OKHAX (KHOIIKH, TOJIS BBOJA, KOM-
OMHUPOBAHHBIC CIIMCKU U JIP.), TTO3BOJISIOT OCYIICCTBUTH BHIOOP M 3a1aTh HEOO-
XOJUMBIE TIapaMeTPhl CO3AaBAEMOT0 WU PEAAKTUPYEMOT0 JIeMEHTa KOHCTPYK-
un m3aenus [ 31].

KoncTpynpoBanue KoprycHOW MeOelr BBIMOTHIETCS MTyTeM KOMITOHOBKH
MoOJIeTiel JeTaleil u AJIEeMEHTOB (DYpHUTYpPHI B IPOCTPAHCTBE MOJACIU H3JCIHS.
Jlis co3maHusi MOJENW JAeTald HeoOXOAMMO BBIOPaTh COOTBETCTBYIOIIEE Me-
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oenpHOE Tpminoxenue: «lIpsamoyronbHas naHenb», «@urypHas nasnenb», «['Hy-
Tas MaHeNnb» Win «Jleranp u3 npoduins». [lo okoHIaHNK BBOJIa BCeX HEOOXO -
MBIX TAPaMETPOB CO3JaBACMOW JeTalH e¢ «(PpaHTOMHBIN» 00pa3 (Mepuaromiee
n3o00pakeHue) nosipisieTcss B okHe penakrupoanus DCAD. [Tocie atoro TpeOy-
€TCsl JINIIb TPaBWIBHO PACIOJOXUTh €ro, «IPUBA3aB» K COOTBETCTBYIOIIEMY
MecTy (TOYke) B MPOCTPAHCTBE MoJeinu u3aeiaus. [logoOHas omepamus MOXET
BBITIOJIHAITECS. KaK B M30METPUYECKOWM MPOEKIUU, TaK U C UCIOJIb30BAaHUEM JIIO-
Ooii, HamOonee MOAXOASAIIEH IS JAHHOTO KOHKPETHOTO clly4asi, MPOCKIUHU:
(bpOoHTATBLHOM, TOPU30HTATBLHON WU OOKOBOM.

JIist u3MeHeHus MapaMeTpoB AETalH, y>Ke BKIIOUYEHHON B COCTaB MOJEIU
MeOEIBbHOI0 M3JeNus, HEeO0O0XOAMMO 3alyCTUTh NpuioxeHue «3MeHuTh ne-
TaJgb», a 3aTEM yKa3aTh B OKHE pelakTupyemyro neraib. [locie storo Oyaer ot-
KpPBITO COOTBETCTBYIOIIEE IUAIOTOBOE OKHO, COJEprkallee Habop mapameTpoB
IV KaKJIOTO M3 THUIIOB JIeTajieii: mpsIMOYTONbHOM, (PUTYpHOU, THYTON WJIH TPO-
¢unupoBanHoi. V3MeHeHHe MapaMeTpoB, MPEACTABICHHBIX B MOJSIX BBOA,
(haKkTHYeCKH MPUBOIUT K U3MEHEHHUIO MapaMeTpOB JAETalU cpasy MOcje 3aKphi-
THS IAAJIOTOBOTO OKHA, YTO OyAEeT OTOOPa’KEHO B OKHE PEIAKTUPOBAHUS.

Hawubosnee ciioxHbIi, MHOTOIIIATOBBIN JUAJIOT, UCTIONIB3YIOMIMICS I CO3-
JaHUsl KOHCTPYKLIMHU MeOETbHOr0 U3AeNHs, pealu30BaH B MpUIoxkeHnn «Macrtep
mkada-TyMObr». DTO MpUIOKEeHHE 00ecreuynBaeT MapaMeTpuIeCcKuii Criocod s
OpicTpOro POpMUPOBAHUSA MOJICIH TUIIOBOTO W3JEHUs, KOHCTPYKTUBHO MOJI00-
HOTO mIKady, ¢ BO3MOXHOCTHIO BO3BpaTa Ha MPEIbIAYIINE IIArH ¢ IEIbI0 U3Me-
HEHUSl BBEJICHHBIX MapaMeTpoB, T.€. (PaKTUYECKU I BHECEHHUS TEX WJIM WHBIX
WU3MEHEHUH B KOHCTPYKIHIO m3aenus [32].

[TapameTpbl, 3aJaHHBIE B Ka)XXJIOM JUAJIOTOBOM OKHE, KOHTPOJIUPYIOTCS
JAHHBIM MPUIIOKEHUEM C LETbI0 TPEJOTBPALIECHUS PA3IUYHBIX KOHCTPYKTHUBHBIX
omunOok. Hanbonaee THNUYHBIMU OIIMOKAMU SBJISIIOTCS IEPECEUEHUE PA3TUUHBIX
9JIEMEHTOB KOHCTPYKIUHU (HampuMmep, MOJIKU B pedpa )KECTKOCTH, BBEICHHOTO
IUISL YCUJICHUS 3a]THEH CTCHKH IKada).

[TockonpKy MOJIHBIM BU3yalbHBIA KOHTPOJb CO3/1aBAEMOM KOHCTPYKLIHUU
HEBO3MOXKEH J0 OKOHYaHMS paOOThl MPUIIOKEHHS, B HEM MPEAYCMOTpPEHA BO3-
MOKHOCTh IPEABAPUTEIBHOTO MPOCMOTpPA dCKU3a u3aenus. B ornenpHOM ua-
JIOTOBOM OKHE OToOpakaeTcsi (pOHTAIBHOE TMpeCTaBICHUE pa3pabaThIiBacMOi
MOJIEJIN, B KOTOPOM BBIJICJICHBI LIBETOM Han0OJIee BaXKHbIE JETATN KOHCTPYKIIUH
BEPTUKAJIbHBIE W TOPU3OHTAJbHBIE CTEHKH, MEPErOPOAKH, MOJIKU, BBIABUKHBIE
AIIUKY U T.I. [Beplbl U31enus Ha TAaHHOM 3CKU3€ HE 0TOOpaKkatoTcs.

[Tpunoxenue «MacTtep mkada-TyMObI» HMEET OTpaHUYCHHBIM HaOOp
KOHCTPYKTUBHBIX pernieHui. [locTpoeHHyl0 ¢ €ro mnoMoulbl0 KOHCTPYKIHIO
MOKHO 3aTe€M MOAU(HUIIMPOBATH, UCIIONB3Ysl YHUBEpCAJIbHBIE TpaduUecKue HH-
ctpymentsl DCAD. Ilpu 3TOM BHECEHHBIEC B MOJICTb U3MCHECHHSI HE OTPAXKAIOTCS
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B HCXOJHOM OIHCAHUHU W3AENUsA, CPOPMHUPOBAHHOM CAMHM MPHIOKEHUEM
«Macrtep mkada-tymOer». Takum 00pa3om, JaHHOE MPUIOKEHHE MOXKHO HC-
MOJIb30BaTh ISl OBICTPOM MOATOTOBKH MPOTOTUITHON MOJENH U3IETUS KOPITyC-
HON MeOenu ¢ IIeNbI0 MOCISAYIOMEH €€ <«JIOBOJIKH» B TpaUUSCKON CHCTeME
bCAD.

B konme 2005 r. BemmymeHsl odepenHas pepakius CAIIP «bCAD s
Meo6enbumka» (Bepcuu 3.9) u HoBoe npunoxenue «bCAD Canon». Haubosee
CYILIECTBEHHOE YCOBEPIIIEHCTBOBAHKE, MPEJACTABICHHOE B HOBOW peNaKind, -
npuiokeHne «MacTep pacCTaHOBKM Kpemneka W KOMIUIEKTYomux». JlanHoe
MPUIOKEHUE TIO3BOJISET YINPOCTHUTh M YCKOPUTH MPOU3BOIBHYIO PAacCCTaHOBKY
AJIIEMEHTOB KPEIMEeXHON M NeKOpaTUBHOW (YpPHHUTYPHI BIOJb TOPIIOB U IUIACTEH
naHesei, aBTOMaTHYECKH YCTAaHOBUTD JETAaJH C 3aJaHHBIM IIarOM OTHOCHUTEIHHO
BbIOpaHHO# 0a3bl. Ero mcnonp3oBanne 0COOCHHO yIOOHO MPH MPOSKTUPOBAHUM
CJIOKHBIX MEOETbHBIX KOHCTPYKIIMU, HE TTO3BOJISIIONINX MPUOETHYTh K (QYyHKIIHH
aBTOMATHYECKOM pacCTaHOBKU (YpHUTYPHI (HampuMmep, mpu paboTe ¢ MaHEISIMH,
PacIoOI0XKEHHBIMHU 0T PA3IMYHBIMH YTJIAMH JPYT K JAPYTY).

[Mpunoxenue «bDCAD Canon» mpeaHazHaueHO I pa3pabdOTKH MPOCKTa
WHTEphEpa MOMEIIEHUS C UCIIONb30BAaHUEM MOJIEJCH M3eNHii, MpeaBapuTEIHHO
noarotoBiieHHBIX B CAIIP «bCAD mns MeGenbluka», pacueTa CTOMMOCTH H
odopMiIeHHUsT JOKYMEHTOB, MOATBEPKAAOIINX MTpUEM 3aka3za. BHadane co3gaeT-
Csl BUPTYyaJIbHOE MOMEIIEHNEe, KOTOPOE Mpearnoiaraerca MeOInupoBaTh, 3aTEM B
HEM BBITIOTHSAETCS pacCCTAHOBKA MOJIeNe MeOenn, BRIOUpaeMbIX U3 3JIEKTPOHHO-
ro karajgora. Busyanuzamus mpoekTa MHTEphepa oOecreunBacTCsl B OKHE TPO-
CMOTpa, TIPH 3TOM MpeJIaraloTcsl pa3InvHbIe METOABl TOHUPOBAHUS M300paxke-
HUSL: TpaccupoBka nyudel, ['ypo, @onra, ninockocTHas.

Takum 06pazoM, MPOEKTHBIEC MPOIEAYPHI, PeATU3yeMble C TTOMOIIBIO CIIe-
MUATBHBIX «MeOebHBIX» mpuioxkeHuit cuctembl DCAD, opueHTHpOBaHBI Ha
TPaAUIIMOHHBIN MPOIECC MPOSKTUPOBAHUSA, B paMKaX KOTOPOTO OCYIIECTBIISETCS
KOHCTPYKTOPCKO-TEXHOJIOTHYECKasi TOATOTOBKAa CEPUITHOTO MPOU3BOJCTBA KOP-
nycHoi mebenn. HoBoe npunoxenue «DCAD Canon», o01agas XopouuMu BO3-
MOKHOCTAMH BHU3YaJU3allUM TMPOEKTOB, 00ECIIeUNBAET CTaHAApTHHIC (DYHKIIHH,
aBTOMaTU3HpYIONIMEe paboTy B MEOSITHHOM CallOHE: pacdyeT CTOMMOCTH 3aKasa,
MOJITOTOBKAa KOMIUICKTAa IOKYMEHTOB ISl 3aKa3uuKa (3asBKa ¢ 3CKU30M HHTEPh-
epa, HaKjIaJHas ¢ MepeuHeM U3JIeui B 3aKa3e, cueT-(pakTypa U T.1.), popMupo-
BaHHE WH(OpPMAIUU ISl POU3BOJCTBA U Ha CKJIaJ] TOTOBOU Mpoaykuuu. M3me-
HEHHE TEOMETPUUYECKUX CBOWCTB MEOCIBbHBIX U3/ICIHI B HEM HE MPEAYCMOTPEHO,
T.€. OCHOBHBIE TpeOOBaHWs, TMPEIbABIAEMbIE MO03aKa3HBIM MPOMBIIUICHHBIM
MPOU3BOJACTBOM K MPOIECCY aBTOMATH3UPOBAHHOTO MPOCKTHUPOBAHMS, HE BHI-
TIOJTHSFOTCHL.
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1.2.3. CAIIP «K3-MeGeap»

Hayuno-BHenpendeckuii meHTp «l'eoC» (WwWw.Qe0s.nnNov.ru), B HacTos-
uiee Bpems - rpynna kommnanuil «I'eoC», mpeiaraetr MeOenbHbIM NpeANpUsITH-
M TIporpamMMHbIie KoMIuieKehl «K3-Mebenb» un «K3-MebenbHoe mpennpusTue,
MO3BOJIAIONIME ABTOMATU3UPOBATh MPOLECCHl MPOCKTUPOBAHMS, MOATOTOBKHU
MPOU3BOJICTBA U MPOJAKU KOPIYCHON MeOemu, CBA3aB BCE UX CTAJAUU B €IMHYIO
TEXHOJOTHYECKYI0 U MH(OPMAIIMOHHYIO Iienouky [33].

[Iporpammubie komruiekchl «K3-Mebenp» u «K3-MebenpHoe mpeanpu-
STHE» MCIOJIB3YIOT 001IIee TEOMETPHIECKOE Sapo - Tpadudeckyro cucteMy «K3-
JlnzaitH», HO pa3NIMyYaloTCa CTPYKTYPHOM opraHu3anuen 0a3 JaHHBIX, T.€. CBSA3S-
MH MOJYJEH B COCTaBE KOMILUIEKCOB M BO3MOXXHOCTSIMHU MH(OPMAIMOHHOTO Ha-
MOJIHEHUS CO3JaBAEMbIX UMHU T€OMETPUUYECKUX MOJICIICH.

[Tporpammublil komiuieke «K3-MebGenb» umeeT ABa CTPYKTYPHO Pa3ivy-
HBIX BapUaHTA!

K3-Canon Mebesu, mpeaHazHAuYeHHBIH IS aBTOMATH3alUUA TMPOJAKH
CTaHAApTHON MeOenHn BCeX THIOB. KOPMYCHOM, 0UCHON, KyXOHHOU, MATKOMU, a
TaKXKe MpHeMa 3aKa30B Ha HECTaHIAAPTHYIO MeOelb (C MOMOIIBIO UCIIOJIb30BAHHUSI
OMOIMOTEK MapaMeTPUICCKUX MOJICNICH IS pa3IMYHbIX BHJIOB MeOCIH);

K3-Mebeans IIKM, npegHa3HaueHHBINA UISI aBTOMATH3AlMKM TIpHeMa HH-
TUBUIYaJbHBIX 3aKa30B HAa MPOEKTUPOBAHUE U U3TOTOBJIECHUE KOPMYCHON Mebe-
JM, BKJIIOYas KyXOHHYIO MeOenb U MmKadbI-KyIe, OH MO3BOJISET HUCIOIh30BaTh
KaK CYyIIECTBYIOIIME OMOIMOTEKH MPOTOTUIIHBIX MOJIEIIEH, TaK U pa3padaThiBaTh
HOBbIE 00pa31bl MeOeu.

Kommexe «K3-MebGenpHOE TpeanpusaTHe» MpeAcTaBiIseT co00il Habop
B3aMMOCBSI3aHHBIX (DYHKIIMOHABHBIX MOMAYJEH, OOBEIUHEHHBIX OOIIEeH mpo-
rpaMMHOM 00010uKk0il. ['TaBHOE Ha3HaYeHUWE JAHHOI'O0 KOMIUIEKca - obecreye-
HUe 0a30BBIX YCIOBHHM IS CO3JaHUSA CAUHON WHOOPMAIIMOHHOMN IETOYKH,
3BEHBSIMU KOTOPOW SIBISIOTCA. MeOENbHBIE CaJOHBI, TOJIOBHOW oduc mpeampu-
ATHSI, TUTAHOBO-AMCIIETYEpPCKass Clyxk0a, KOHCTPYKTOPCKO-TEXHOJOIMYECKas
rpyIIa, NPOU3BOJACTBEHHBIE TOAPA3ICTICHUS.

C nmnomomipl0 TporpaMMHBIX KomIuiekcoB «K3-Mebenp» u  «K3-
MebenbHOe mnpeanpusTae» 00eCneurBaeTCsl aBTOMATU3UPOBAHHOE PEIICHHUE
cienyromux 3aaaq [ 34]:

IIpeaBapuresbHasi NOATOTOBKA NMPOU3BO/ICTBA:

- pa3paboTka Mojiesieit HOBBIX 00pa3iloB MeOenH;

- TMOJATOTOBKA 3JEKTPOHHBIX KAaTalOroB-OMOIMOTEK MpeasiaraeémMbix 00-

pasioB Mebenu;
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- KOHCTPYKTOPCKO-TEXHOJIOTHYECKas MOATOTOBKA CEPUHHOrO U WHJIWBU-
JyadbHOTO MEOEIBLHOTO MTPOU3BO/JICTBA;
- KOMIBIOTEpPHAs TMOATOTOBKA PEKJIAMHO-TPE3CHTALIMOHHBIX MaTepHaIoB
(B ToM umcIe 1 I pa3MelieHus B ceTH | nternet).
IIpuem 3aka3oB U npoaaka MmeodeJn:
- paccTaHOBKa Mojielieli MeOelu B BUPTyaIbHOM HMHTEPhEpE MOMEIICHUS
3aKa3uMKa,
- Toa00p BapUAHTOB OTACIKA MEOEIM U OKOHYATEJIbHBIN JAU3aiiH UHTEPh-
epa MOMEIIECHHS 3aKa3unKa;
- KOMITBIOTEPHBIN MpueM B oQOpMIICHHE 3aKa3a, BeJAcHHE Oa3bl JaHHBIX
3aKa30B,
- odopmieHHe TOKYMEHTOB JJIs 3aKa3uWKa, BKITIOYas MedaTh SCKU3a WH-
Tepbepa MOMEIIECHUS C MPOCTABICHHBIMU pa3MEPaMH;
- Tepejava 3akasza B MPOU3BOACTBO B AJIEKTPOHHOM BU/IE;
- MOATOTOBKA IIEHOBBIX KaTajoroB (Ipaic-IUCTOB) BBIMYCKacMON Me-
0eJIbHOM POAYKIIUH.
IToaroroBKa M M3roToBJIeHHE 3aKa3Aa.
- 00paboTKa MOCTYNMUBIIMX Ha TMPEANPUITHE 3aKa30B U BeJeHHE Oasbl
JTAHHBIX 3aKa30B, HAXOIAIINXCS B IPOU3BOJICTBE;
- TMOJATOTOBKA IPOM3BOJCTBEHHBIX JTOKYMCHTOB. UepTEKeH, crernuduka-
11, 3aKa30B-HAPSAJIOB U T.1.;
- pacyeT pacxoja MaTepuaioB U KOMIUICKTYIOUIUX U3ACIUM, MOATOTOBKA
CKJIQJICKMX JOKYMEHTOB;
- TIOJATOTOBKA CXEM PACKPOs JIUCTOBBIX U MOTOHHBIX MATEPUAJIOB,;
- TOATOTOBKA YHPaBJISIIONIMX MporpamMM Jjisg cTankoB ¢ UITY;
- pacyeT Tpyao3aTrpaT U ceOECTOMMOCTH U3TOTOBJICHUS U3/ICIIHS.
B nenom CAIIP «K3-MeGenb» Npou3BOAUT BriedaTieHne (PyHKIIMOHAIb-
HO TIOJTHOM CHCTEMBbI, YJOBJIECTBOPSIONIEH MOTPEOHOCTH KaK CEpUMHOTO, TaK MH-
TUBHIyadbHOTO Mpou3BoacTBa. OnHako npu aHamu3e CAIIP «K3-Mebenb» Ha
COOTBETCTBHE KPUTEPHUSAM, BBIIBUTACMBIM T03aKa3HBIM IMPOMBIILICHHBIM MPOH3-
BOJICTBOM, BBIACHUJIOCH cieayroiee. YToObl 00ecneyuTh Ba)KHOE CBOMCTBO Ta-
paMeTpu3alii MOJICJIM MEOEIBHOTO U3/IeNIHs, HEO0X0AMMO 3alpOrpaMMUPOBATh
MO/IeJIb, 3aJI0)KUB B HEE CIIOCOOHOCTH K M3MEHEHUIO rabapUTHBIX pa3MEpOB U
OCYIIIECTBJICHUIO KOHTPOJS 3THUX U3MEHEHUM, T.€. MPUOETHYTh K COOCTBEHHOMY
MaKpOS3bIKy cucTeMbl. KBanuduimpoBaHHOE BBITTOTHEHNUE MTOJOOHBIX JICHCTBHI
TpeOyeT MOCTOSSHHOIO MPUBJIEUEHUs K paboTe B MEOEIHLHOM CajOHE OMBITHOIO
nporpammucta. [1o100HYI0 CUTyalMI0 HENb3sl MPU3HATH YOBJIETBOPUTEIIHLHOM.
DTO yKa3bIBaeT HAa HAJIUYME LIEJIOTO Psijia HEAOCTAaTOYHO MPOpadbOTaHHBIX BOMPO-
COB, CBSI3aHHBIX C IMOMBITKAMHU y4€Ta OCOOCHHOCTEH M03aKa3HOr0 MPOEKTUPOBA-
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HUS KOPIYCHOW MeOenu B paMKax TPaJMIIMOHHON MPOU3BOJICTBEHHOM IMapajur-
MBI.

1.2.4. CAITP «Woody»

OO0 «MuTe Ap JITa» (www.intear.com.ua) mpemiaraet MeOCIbHBIM Mpe/I-
NPUATHSM MPOTPAMMHBINA KOMIUIEKC JIJIsi aBTOMAaTU3UPOBAHHOTO KOHCTPYHPOBA-
HUSL KOpIycHOM mebenu, GopMUpPOBaHUS ONMTUMAIBLHOTO TUTaHA PACKPOs JIMCTO-
BbIX M KPOMOYHBIX MaT€pUAIOB, IPOSKTUPOBAHHS MHTEPHEPOB MOMEIICHHUI. B
COCTaB KOMIUIEKCA BXOST CIIEAYIONIHE TPOTPAMMBI:

- Woody - koHCTpyupOBaHHE KOPITyCHOM MeOenn U nmkadoB-Kyme, Mmoji-
rOTOBKAa MapaMETPUYECKUX MOJiejel MeOenbHbIX W3JIeIud ISl TMpo-
rpaMMbI TTPOSKTHPOBaHUs HHTephepoB Salon+3D, dopmupoBanue KoH-
CTPYKTOPCKOH JoKyMeHTaIuu [35];

- Sawyer - ¢dopMupoBaHHE ONTUMAJIBLHOTO TUIAHA PACKPOS JUCTOBBIX H
KPOMOYHBIX MaTepUAJIOB, BEJICHUE CKIIAJICKOr0 ydeTa MaTepuaios [36];

- Salon+3D - npoekTUpOBaHHE UHTEPbEpa MOMEIICHHUS, PACYET CTOMMO-
CTH 3aKa3a M IMOATOTOBKA €ro crnenudukamu, GopMupoBaHUE 3JIEK-
TPOHHBIX KAaTaJIOTOB U3JIEIHNH ISl UCTIOJIb30BaHUS B MEOEITFHOM CallOHE
[37].

[Tporpamma Wo0dy 103BOJII€T BBIMOJHITH TPEXMEPHOE MOJCIIHMPOBAHHE
Mebenu, obecreuyrnBasi KOHTPOJIb 3a30pOB JIeTaleii B MOACIN W3S U 3a]aH-
HBIX Ta0apUTOB M3CIHUs, HAKJIOH JIeTajcii Ha TPOU3BOJIBHBIN yroJI U aBTOMATH-
yecKkuil mog0op GYpHUTYPHI B 3aBUCMOCTH OT YTJIa MEXJIY COIMpPITaeMbIMU Jie-
TayssMu (YTJIOBBIC TICTIIH, APHUPHBIC SKCIICHTPUKOBBIC CTSKKU | T.I1.). s nie-
Tajei, COeIMHIEMBIX IO MPOU3BOIBHBIM YTJIIOM, pa3peliaeTcs Ha3HadaTh pas-
JIMYHBIC CXEMBI COINPSDKCHHS W MapaMeTphl MOAPE3KH OJHOM ACTaIH MO TOPIY
WIH IO TUIACTU ApYyrou. [Ipu penakTHpoBaHUM H3ICIHS CXEMa COCIUHCHHS H
YTOJI TMOJIPE3KN aBTOMATHYECKH KOPPEKTUPYETCS] B COOTBETCTBUU C HOBBIM pac-
MOJIOKCHUEM JIeTaIe B MPOCTPAHCTBE MOJIEIIH.

JIiist mpoeKTHpOBaHUsl MeOeIbHBIX U3enuii B mporpamme Woody ucmoss-
3YIOTCS CTICIIHAIbHBIE MOTYJIN, HA3bIBAEMbIE MACTEPAMH.

MacTep aeraJieid - T€OMETPUUECKOE MOJCIUPOBAHUE MEOCIbHBIX JeTa-
JieH, BKJIIOYasi BHITIOJTHEHUE OTNEpaIuii CKPYyTeHUs C 3aJaHHBIM PaJnyCcoOM U Ha-
JOoKeHUsT Pacok A YIioB, a TaKXKe MapaMeTPpUYECKoe MOCTPOEHUE KPUBOJIU-
HEHHBIX KOHTYPOB JeTalied W npyrue. IIpu 3TOM MOCTPOCHHS, BBHITOJHCHHBIC
JaHHBIMH TpaQHUUSCKUMHU OTEepaIisIMH, BEAYT ce0s aHAJIOTUYHO TEM, YTO CO3/a-
HBI TIyTEM MapaMeTpu3anuu (HampuMep, NP U3MEHCHHH Ta0apUTHBIX Pa3MepoB
JeTaau pa3Mepbl PacoK U PanyChl CKPYTICHUN COXPAHSIOTCS).
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Hcnonb3yemMasi TEXHOJIOTHSI aCCOIIMATUBHOMN CBSI3M YEPTEIKEH C AETAIBIO B
TPEXMEPHON MOJENHU MO3BOJSET U3MEHATh (DOpPMY NeTanu Kak rpaduuecku, TaK
Y aHAJIMTHYECKH, 3a/1aBas YKCIIOBBIC 3HAUYEHUS IJIA €€ Pa3MepoB M KOOPAMHAT
TOUYeK compsbkeHus. Kpome Toro, Bce U3MEHEHUs, BHECEHHBIC B UEPTEKHU BPYU-
HYI0, COXPAHSAIOTCS MPU aBTOMATHYECKOW pereHeparuy 4epTeei, BBITIOJIHSEC-
MBIX TTPOTPaAaMMOM TIPH PEIAKTHPOBAHUU TPEXMEPHON MOIEIH.

MacTtep cOOPKH - HWJUIIOCTPUPOBAHHME 3TANOB COOPKH MPOEKTHUPYEMBIX
U3JIETUI C pa3MeIleHueM yepTeka s KaKJA0ro U3 3TaroB Ha OTAEIBLHOM JIHCTE,
CHa0KEHHOM PaMKOH M OCHOBHOM HaJAMHCHIO BIOpaHHOTO popMaTa M BKIIFOYAE-
MOM B KOMITJIEKT KOHCTPYKTOPCKON JOKYMEHTAIIUH.

MacTtep 4yepTexeil - TOCTpPOCHHE MPOU3BOJBHBIX KOHTYPOB ACTAJICH H
OTBEPCTHI U HAHECEHHME MX CTaHIAPTHHIX 00O3HaueHUH Ha uepTexu. Co3maHue
KOHTYpa MPOU3BOJUTCS HETOCPEIACTBEHHO Ha YepTeke ACTaIH, IPU ITOM Cpe/l-
CTBa PEIAKTHUPOBAHMSI MMO3BOJIAIOT BCTABIATh U YOAISTH TOYKA KOHTYpa JETANH,
peoOpa3oBLIBATh JUHUH B PAa3IMYHBIC TUTIBI KPUBBIX U JIOMAHBIX, TIPEICTABIIATH
KpuBbIe be3be ¢ MOMOIIBI0 MOCIEI0BATEILHOCTH AYT OKPYXHOCTEH C 3aJaHHOM
TOYHOCTHIO, HCTIOJIL30BAaTh PA3TMYHbIC HA0OPHI MApaMETPHUECKUX KPUBBIX U T.1.

MacTtep SINIUKOB - MOJCTUPOBAHUE BBIIBMIKHBIX SIIUKOB MyTEM 3aIoJ-
HEHHUsI COOTBETCTBYIOIIUMH TMapaMeTpaMH TOJIEH SKpaHHBIX (HopMm. DTO MO3BO-
JISI€T TOJB30BATEII0 CO3/1aBaTh COOCTBEHHBIC KOHCTPYKTUBHBIE CXEMBbI BBIJBUIK-
HBIX SIIIUKOB 0€3 MPOTrpaMMHUPOBAHMUSI, MOCKOJIBKY B X0J€ JAHHOW MPOIEIYpHI
aBTOMATUYECKU TCHEPUPYETCs MporpamMma Ha si3bike JavaScript, a co3maHHBIH
THUII SIITUKA TOMEIIAETCS B OUOIMOTEKY CTAaHAAPTHBIX KOHCTPYKITHA.

MacTep cueHBbI - pa3MelIeHUE B MPOCTPAHCTBE MPOEKTa MPOU3BOIHHBIX
TPEXMEPHBIX MOJENe OO0BEKTOB, MMIOPTUPYEMBIX H3 APYTHX TpaduuecKux
nporpaMM B M3BECTHBIX (opmatax (Hampumep, ¢opmar 3DS nporpammer 3D
Studio Max). D10 mo3BoNIIET MOICIUPOBATh MIOMEIEHHUS, B KOTOPBIX BBIMOJIHS-
€TCsl pacCTaHOBKa MeOeNH, a TakKe AJIEMEHThI MeOEIbHOTO JAeKOopa M akceccya-
POB.

B Bepcun 2.0 nmporpammer Woody moaaepkuBacTcsl uepapXxudeckoe mpe-
CTaBJICHUE MPOEKTa. B cocTaB MpoeKkTa BKIIOYAETCS MHOXKECTBO MEOCITBHBIX W3-
TN, MOJENTH KOTOPHIX MOXXHO MOBOPAaYMBATh, MEPEHOCUTH, YIAIAThH, 100aB-
JSITh, KOMUPOBATh U KOMIIOHOBATh APYT ¢ Apyrom. Takum oOpa3oM, KOHCTPYK-
TOp MOXKET (OPMHUPOBATH MOJIETH CIIOKHOTO MEOETHLHOTO TapHUTYpa U3 3apaHee
MOATOTOBIICHHBIX MOJIEJIEH OTIEIBHBIX KOPITYCOB.

KoMmrmionyst Moziennn KOPIYCHBIX M3l B MPOCTPAHCTBE CIIEHBI, MOKHO
KOPPEKTUPOBATh MX TabapuUTHBIC pa3Mephbl, YTO HE3aMEUIUTEIHPHO MPUBOJUT K
aBTOMATUYECKOMY M3MEHEHHUIO BCE KOHCTPYKIINH, T.€. K IEPECTPOCHUIO pa3Me-
POB jAeTalnei, MO3UINA KpeTUIeHUH U QypHUTYpHI, pabounx deptexeid. [Ipu sTtom
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MOJKHO TMOJTYYUTh TEXHUYECKYIO TOKYMEHTAIIMIO KaK MO TAPHUTYPY B IIEJIOM, TaK
Y TI0 KaXJIOMY OTACTbHOMY H3JICIHIO, BXOASIIEMY B €r0 COCTaB.

[Iporpamma Sawyer mo3BossieT GopMUPOBaAThH IJIAH ONTHMAIBHOTO pac-
KpOS JIUCTOBBIX U KPOMOYHBIX MAaTEpUAIOB, & TaKKE€ OCYIIECTBIATH Pl (PyHK-
Ui cKIaackoro ydeta. OCHOBHBIMHU BO3MOXHOCTSIMU TTPOTPaMMBI SIBJISIOTCSL:

YnpapiaeHue MporeccoM packpos (y4eT OpueHTAIMH TEKCTYPhI JJIs pac-
KpanBaeMbIX 3arOTOBOK; PETYJIHMPOBKA MapaMeTPOB PACKPOs; «PydHOE» pelak-
TUPOBAHUE KapT packpos; GpopMupoBaHuE 3aqaHUS HA PACKPOH HAa OCHOBE MH-
dbopmaruu 00 U3NENHSIX, IPEICTABICHHBIX B POCKTE).

VYnpapiaeHue CKJIaIoM B yU4eT MaTepuaioB (BEeIeHUE y4eTa MaTCpPHAIIOB B
MIPOU3BOJIBHBIX €IMHUIIAX W3MEPEHHs; YUEeT JCJIOBBIX OCTATKOB, IEJIBIX 3aroTo-
BOK, KPOMOYHBIX M OOJUIIOBOYHBIX MAaT€pHUATIOB; aBTOMaTH4eCcKoe (hopmupona-
HUE HAKJIAJHBIX, aBTOMATHUYECKUU KOHTPOJb M ONpeaeieHrue AePUIUTHBIX Ma-
TEpPHAJIOB 3aKa3a; MOJBEACHUE CKIAICKOro OamaHca Ha MO0YI0 yKa3aHHYIO Ja-
Ty).

dopmupoBaHue CCHUPUKALNNN, PacyeT 3aTpaT U CTOMMOCTH (TeHeparusl
cnenuuKaui B3SITHIX CO CKJIaa 3arOTOBOK M MaTepHaioB, BO3BpAIIaeMbIX Ha
CKJIaJ] OCTaTKOB, J€TaJIe B 3aKa3e, M3JCINI B 3aKa3e, HE PAaCKPOCHHBIX JIeTajeH,
PacCKpOCHHBIX JAeTalield; BBIYMCICHHE 3aTpaT MaTepUalOB IO 3aKa3y, pacyer
CTOMMOCTH C UCIOJIb30BAaHUEM JTIO00M EHE)KHOW ¢IMHHUIIBI).

Hactpoiika u aBTOMaTu3anus pabOThl, MHTErPALKsl C IPYTUMHU MPOrpam-
MamMu (HacTpoO¥ka BHEIIHErO BHJA YEPTEKEH, COJIEPIKAIIUX KapThl PacKpos;
skcropt crenudukanuii B popmare HTML; dopmupoBanme 6a3pl gaHHBIX B
dopmate Microsoft Access; sxcriopt ganubix B Microsoft Excel).

ITporpamma Salon+3D oGecnieunBaeT OBICTPYIO pa3pabOTKy MOMAEIH II0-
MEIIEHUS U TTOCJIEAYIONIYI0 PACCTAHOBKY B HEM Mojiesieit MeOeTn 1 akceccyapos,
BBIOpaHHBIX W3 3JICKTPOHHOTO Kartajora (mpaiic-nucta). ['paduueckre BO3MOK-
HOCTH TIPOTpaMMBbI MTO3BOJISIIOT BpalllaTh MOJIENb HHTEpbepa, MpUOMKaTh U pac-
cMaTpuBaTh HamOoJiee BakHbIE €€ YacTu U aeTanu. OcBelnieHne CIieHbl aBToMa-
TUYECKHU MOJICTPANBAETCA TAKUM 00pa3oM, 4TOOBI JIydlle 0TOOpakayics 00beM U
B3aMMHOE PACTIONOKEHHE O0BEKTOB B MOJEIN MHTephepa. KpoMe Toro, MOKHO
HACTPOUTH OCBEIICHHE CIIEHBI C TIOMOIILI0 PYYHOTO YIPaBICHUS HCTOYHUKAMHU
cBeTa (M0JIOKCHHE, HANIPaBJICHUE, MHTCHCUBHOCTD, YTOJI, IIBET U T.1.).

[Tporpamma Salon+3D obecrieunBaeT onepaTHBHBIA PAacUeT CTOUMOCTH
3aKaza C y4eTOM WHIUBUIYAIbHOW KOMIUIEKTAUUA M3ICIUA M PacIedaTrKy cIie-
nupUKaIY 3aKa3a, B KOTOPYIO BKIIOYaeTCss nHPpopManus o0 apTUKysIax, pa3me-
pax, IeHaX W KOJIMYECTBE W3JeNUi, MpEeICTaBIECHHBIX B 3aka3e. B cnemnuduka-
IIUIO 3aKa3a MOYKET OBITh TAK)K€ TIOMEIICH TPEXMEPHBIN ICKU3 MOJEIN UHTEPhe-
pa ¢ aBTOMaTUYE€CKOM MPOCTAHOBKOM pa3MEpOB M YKA3aHUEM IO3ULIMNA WU3CIIHNH,
MIPEICTABJICHHBIX B CIICIIU(UKALINN.
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OOnamasi HEKOTOPBIMH MHTEPECHBIMH BO3MOKHOCTSIMH, cuctema \Woody,
TEM HE MEHEE, HE BBIXOJUT 3a PAMKHU TPaJUIIMOHHOW MapagurMbl IPOEKTUPOBA-
HUA KopnycHoM mebOenu. Ilpu mpueMe MHAMBHUAYaJIBHOTO 3aKa3a C MOMOILbBIO
nporpamMbl Salon+3D ucmonb3yr0TCs 3apaHee MOATOTOBICHHBIE JICKTPOHHBIC
KaTaJIoTH, COJIep KaINe ONpPEAEIICHHbIE MOIeIU MeOenbHbIX n3aenuil. Ecnu s
KaKOM-TMOO0 U3 HUX MOTPEOyeTCss U3BMEHUTh XOTs Obl OJTHO CBOMCTBO, HAIIPUMED,
rabapuTHBIN pa3Mep WK [BET OOJUILIOBKU W3JEINHs, IPUJETCS BHOBb 0OpaliaTh-
cs k mporpamme Woody i BHECeHUSI HeOOXOAMMBIX U3MeHeHui. [locie aToro
U3MEHEHHOE U3JCIINE CIENYET IIOMECTUTh B IPANUC-IIUCT, a JIUIIb 3aTEM HCIIOJIb-
30BaTh B MOJIEJIM MHTEpbepa nomeuieHus. Ha Bce 310 TpeOyeTcs TOmOTHUTENb-
HO€ BpeMs U, KpOME TOTO, NOJ00HasA cXeMa paboThl HE UCKIIIOYAET BO3MOXKHO-
CTH BHECEHUS OLIMOOK HA Pa3IMYHBIX dTanax.

1.2.5. CAIIP «3D-Constructor»

000 «Onekpan Codt» (Www.elecran.com.ua) mpeaiaraeT MeOeIbHBIM
MPEANPHUATHSIM TMPOTPAMMHBIN KOMIUIEKC JIJII aBTOMATHU3HPOBAHHOTO IMPOCKTH-
pOBaHMS HM3NICIUA KOPIMYCHOW MeOenu, pa3paboTKH MPOSKTOB MHTEPHEPOB II0-
MEIICHUH, (POPMUPOBAHKS ONTHMAIBHOTO IUIAHA PACKPOS JIHCTOBBIX KOHCTPYK-
IIMOHHBIX MaTepHaOB. B cocTaB KOMITIEKCAa BXOIAT CICAYIOIIUE MPOrpaMMBbI
[38, 39]:

3D-Constructor - KoHCTpyHMpOBaHHE KOPITYCHOH MeOeH, MOATrOTOBKa
mapaMeTpHUECKUX Mojelied MeOelnbHBIX u3Aenui aias mnporpammel 3D-Flat,
(GbopMHpOBaHHE KOHCTPYKTOPCKOH MOKYMEHTAIMH (YEPTEHKH, CIEHH(PUKALIMH,
BEJIOMOCTH MaTECpPHAJIOB);

3D-Flat - paccraHoBka Mojenei MeOelnH U IU3aiiH MHTEphepa MOMEIIIe-
HUS, pacyeT CTOMMOCTH 3aKa3a M TOJAr0TOBKa CrielMUKAIIUN JIJIs 3aKa34yrKa,

2D-Place - ¢opmupoBaHHe KapT pacKpos pasIHYHBIX JIMCTOBBIX MaTe-
puanos (JACtII, IBII, MI®, cTexo u T.I.), BEACHUE CKJIAJI0B JUCTOBBIX MaTe-
pHAJIOB 1 3arOTOBOK MEOEIBHBIX JCTalICH.

3D-Constructor u 3D-Flat sBnsroTcss NPUIIOKEHUSIMH K MONYJIIPHON Ipa-
¢buueckoii cucteme AUtOCAD 2000, paspaboranHoii koMmmanuei Autodesk, Inc.
(CIIA), 1 o0mamaroT BCeMH €My MPHCYIIUMH IPEUMYIIECTBAMHU. CTaHIapPTHBIC
dbopmaTel 111 0OMEHa JaHHBIMH, (POTOpeanuCTHYHAS BU3yaJIM3alus, YHHBEp-
canbHBIH Habop WMHCTpyMeHTOB. CuctemMa AULOCAD, sBmsisch rpaduveckum
SIPOM PACCMaTPUBAEMOTO ITPOrPaMMHOTO KOMILIEKCa, 00CCIIeunBacT BCe HEOO-
XOJIMMBIC CPEJICTBA IS TPEXMEPHOTO MOJCIUPOBAHUS KOPITYCHON MeOeIIH.

[Ipyu KOHCTpyHMpOBaHMH MEOCNBHBIX W3JAeAuid B mporpamme 3D-
Constructor ucnoip3yroTcs:
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- mwuThl U3 auctoBoro Marepuana (JCrtII, JABII, MJI®, dbanepa, cTekiio
U T.I1.), JJI KOTOPBIX MOYKHO BBITIOJIHATH OTICPAIlUU CKPYTJICHUS YTJIOB,
HaJIOKeHUsI acokK, CO3JaHus BEIPE30B Pa3IuIHON (GOPMEBI U APYyTHE;

- CTOJICIIHUIIBI - TUIMTHI HEMPSMOYT'OJBLHOTO IOMEPEYHOro cedeHus (c
O00opTHKOM, COPT- ¥ MOCTHOPMHHT), JIJISI KOTOPBIX MOTYT BBITIOTHITHCS
T€ K€ OTepalluu, 4YTO | JJIs TUTHT,

- THYTBIC MHOTOCJIOWHBIC JINCTHI MMPOU3BOJILHON (OPMBI (THYTO-KJICCHBIC
JMCTBI), ISl KOTOPBIX TAaK)Ke KaK M JUISl TUTMT JTOMYCKAeTCsl HAHECCHUE
KPOMOK Ha TOPIIbI, IPUpE3Ka JIMCTA MO TUIOCKOW JeTaiu U HaoOOopoT,
MOCTPOEHHUE CTHIKA JTUCTA C TNIOCKOCTHIO MOCTPOCHHUS,

- Tpo(UIBHBIC NETANIHM PA3JIMYHOTO CEUYCHHUs (HANpUMEp, YTOJKH, IIBEI-
Jepa W T.JI.), KOTOpPbIC MOJYYaIOTCS IMYTEM MPOTATUBAHUS 3aJaHHOTO
CEYCHHS BJOJb MMyTH TOCTPOCHUS;

- CTaHJapTHBICE W HECTAaHIAPTHBIC H3JCNHA C TOCTOSHHOW TeoMeTpueit
(HampuMmep, pyYKH WIHA OTIOPBI), @ TAKXKE JIEMEHTHI CO CJIIOKHOU Tpex-
MEpHOM reoMeTpuel (Hampumep, GruiieH4arbie (hacassl), dIeMEHTapHbIC
reoMeTprueckue Tena (mapaiiesenune], HHIUHAP, KOHYC U APYyTHUe);

- BBIJIAaBJICHHBIC JETaH, IPEeIHA3HAYCHHBIC JJIs CO3JaHMS JEKOPATUBHBIX
AJIEMEHTOB W SBJISAIONIMECS TMOJHBIM aHAJIOTOM ILUTUT, HO WMEIOIINE, B
OTJIMYHE OT MOCJECAHNUX, TEPEMEHHYIO BBICOTY;

- KpemneXKHbIE 3JIEMEHTHI (HampuMep, CTSDKKHU, YTOJIKH, TOJIKOAepKaTelH,
IIKaHTHI U HATIPABIISAIOIINE).

Mopnens wu3genus, paspabaTeiBaemass ¢ TOMOIIBI0 Tporpammel  3D-
Constructor, mpeacTaBisieTcsi COBOKYIMHOCTBIO COOPOK, KOTOPhIE MOTYT BKJIIO-
yaTh B ce0sl KaK OT/AeNIbHbIC JIeTalld, Tak U apyrue coopku. COopka, Kak MpaBu-
70, TIpeJICTaBIsIeTCsl KapkacoM (OOBIYHO 3TO TabapWTHBIN Mapajuiesenuien), ¢
KOTOPBIM MOJKHO CBSI3BIBaTh OCTaJbHBIC 3JIEMEHTHI MEOCTbHON KOHCTPYKITUH.
Jlis yaoO0cTBa MOCTPOEHUST KapKac MOMKET JOMOJHATHCS CEKYIIMMH PabOouYuMH
MI0CKOCTSIMU. HeoOX0AUMO OTMETHTH, UTO Kapkac COOPKH peamu3yercs ¢ HC-
MOJIb30BAaHUEM CPEJCTB aCCOLMATHBHON I€OMETPHUH, YTO 0OECIedYuBaeT HEKOTO-
PYIO €ro «MHTEIJIEKTYaJbHOCTh», T.€. B 00O MOMEHT MOXKHO M3MEHSATH pa3-
Mephl WU TIEepeABUTATh paboyue TIIOCKOCTH, YTO MPHUBOAUT K TEPECTPOCHUIO
BCEN MOJIEIIH.

[Tporpamma 3D-Constructor o6ecnieunBaeT rpymiry CreruaIn3ipoBaHHbBIX
KOMaH/I, 00JIETYaloMX BHITIOJIHEHHE YaCTO MCTOIb3YEeMbIX OINepanuil MpOeKTHU-
pOBaHUS KOPIyCHOM Mebemnu:

- KOMaHJbl YCTaHOBKHM (acaloB U SIIMKOB, KOTOPHIE aBTOMAaTUYECKH

BIHUCBHIBAIOT» 3TH 3JIEMEHTHI KOHCTPYKIIMH B 3aJaHHbIC TabapuTHl W3-
JeHsI ¢ Y4eTOM HEOOXOIMMBIX 3a30pOB U TUNA (acasa,
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- KOMaHJa YCTaHOBKH I0JIa, KOTOpasi MO3BOJISET BHIOPATh THI €T0 yCTa-
HOBKH M CO3/1aTh COOTBETCTBYIOIIYIO JIETAb,

- KOMaHJia YCTaHOBKH TOJIOK M IMEPEropo0K, KOTOpasi MO3BOJISET MO yKa-
3aHHIO JBYX 0a30BBIX TUIMT YCTAHOBUTH MEXKAY HUMU MOJKY WM TIepe-
TOPOJIKY;

- KOMaHJa TPEXMEPHOro mnepeMenicHus (KaHTOBKH), KOTOpas MO3BOJISET
pa3BepHYTh M YCTAHOBHUTH B MOJEIU OAHY JAETalb OTHOCUTEIHHO IpPY-
rol moja J0OBIM HEOOXOJAMMBIM YTJIOM HE3aBUCHUMO OT HMX TEpBOHA-
YaJIbHOTO B3aMMHOT'O PACIIOIOXKEHHUS B MPOCTPAHCTBE.

Takum o0Opa3om, oCHOBHOW 0coOeHHOCTHIO Tporpammbl 3D-Constructor,
OTAMYAIONIEH €€ OT OONBIIMHCTBA OTCUYECTBEHHBIX W 3apyOEKHBIX MPOTPaAMM
AQHAJIOTUYHOTO HA3HAYCHHUs, SBIsETCS oOecrnedyeHre CKBO3HOW MapaMeTpu3aluu
MOJIETIA U3JIeTUs KaK Ha ypoBHE COOPOK, TaK U HA YPOBHE OTACIBHBIX JeTalieH.
KoHcTpykTOpy mpenocTaBisieTcs BO3MOKHOCTh CAMOCTOATENBLHO pellaTh, KaKue
napaMeTpbl MPOSKTHPYEMOTO H3ACIUs JOKHBI OBITh U3MEHICMbIMU (HampuMmep,
JUHEHHBIE W YTJOBBIE pa3Mephbl mikada, KOJIUYECTBO TMOJOK B €ro CEKIHSIX U
T.1.). JlaHHBIC MapaMeTpbl MOTYT MCIOJIb30BaThCA B POpMYJIax, OMPEACIISTIOIINX
pa3Mephl ¥ B3aUMHOE PACIONIOKEHHUE 0OBEKTOB B MOJICIIH, YTO MO3BOJISACT !

- TOJIy4aTh CEMEWCTBO MojeNel MeOeIbHbIX U3/IeUi Ha OCHOBE OJHOTO

pa3pabOTaHHOTO MPOTOTHIIA,

- pa3pabaThiBaTh THIOBBIC MOJCIU (HANPUMED, SIIUKH WIH PaMOYHbBIC
dacapl), KOTOPBIC 3aTEM MOYXHO MHOTOKPATHO HMCIIOJIb30BaTh C JAPYTH-
MU rabapuTHBIMH pa3Mmepamu (TPU 3TOM MPOrpaMMa aBTOMATHYECKU
KOPPEKTHO MEPECYUTHIBACT PACXO]l BCEX HUCIOIb3YEMBIX B U3JICIUU Ma-
TEPHAJIOB);

- 3aJaBaTh AJS JIMCTOBBIX MAaTEPHUANIOB TPYIIBI «IOTHYECKHUX» CBOWCTB,
KOTOpBIC 3aTE€M MOTYT OBbITh KOHKPETH3MPOBAHBI (IOOMpPEaCICHBI) C
MOMOIIBIO OJHOW KOMaHAbI (HampuMep, THIT M TOJIIMHA KOHCTPYKIIH-
OHHOT'O MaTepualia ONpPeACIIIOTCS CASAYIOIMM 00pa3oM: Kopiyc = OyK
16, monku = crekno 4, 3aauss crenka = JIBI1 3 u 1.1.). DT0 maeT Bo3-
MOKHOCTb OBICTPO MEHATHh MaTepuaj cpasdy y rpymibl OJHOTHUITHBIX Je-
Tajel, BXOIAIIUX B MOJEINb, C KOPPEKTHBIM MEPECYETOM BCEX HUCIIONb-
3yeMBIX MaTepuajoB (BKIIOuUas W3MECHCHHE TOJIIMHBI JIMCTA). JlaHHas
0COOECHHOCTh 00ECIIEUMBAET JOMOJHUTEIbHYIO THOKOCTh MpH padoTe C
3aKa3uuKaMd B MEOEIHbHOM CajlOHE U OTBEYAET OJHOMY W3 OCHOBHBIX
TpeOOBaHMM, TPEABSIBIAEMBIX K MPOTOTUITHON MOAEIH KOPITYCHOTO Me-
oenpHOrO M3Aenus [40];

- CO3lIaBaTh MapaMeTPUUYECKHE MOJIETW TOTOBBIX HU3JCIHI, UMIOPTUPYS
koTopsie B iporpammy 3D-Flat, nuzaitnep B MmebensHOM canoHe, He Oy-
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Iy4YH TIOCBSIIIEH B OCOOCHHOCTH TEXHOJIOTHH MPOCKTUPOBAHUS MeOeH,
CMOKET THOKO paboTaTh ¢ 3aKa3uynkoM. B wacTHocTH, ¢ momompio 3D-
Flat oH MOXeT Jierko co3aarh MPOSKT MHTEephepa moMenieHus (ObICTpo
BBHITIOJIHMB PAaCCTAaHOBKY MoOJieNiell MeOenn W M3MEHUB MPU HEO0OXOmu-
MOCTH MIX pa3Mepbl M MaTepUajbl), PACCUNTATh CTOMMOCTh 3aKa3a M I0-
JYyYUTh HEOOXOIUMYIO TSl KITMEHTa JOKYMEHTAIIHIO.

B nporecce npoexktupoBanus mporpamma 3D-Constructor aBToMaTuyecKu
MPUCBAMBACT JCTAIAIM MOJACIU MHUPPHI (APTUKYIBI) H, IO BO3MOXKHOCTH, - Ha-
3BaHus. [Ipu BcTaBKe B MPOEKT THUMOBOW MOJEIHM aBTOMATHYECKU Tepeorpese-
JSI0TCS MHUQPHI BXOIANUX B HEe OOBEKTOB, IPU 3TOM YUYUTHIBAETCS MPUHSITAS
IUIA TeKyIe coopku Hymepaius. [lo ykazaHHOMY KOHCTPYKTOPOM OOBEKTY HIIH
M0 MPOEKTY B IeJoM (HOpMHUPYIOTCS crienuduKanus 1 BeIOMOCTh MaTepUAJIOB,
BKITFOYAroNHe nHGOpMaIHIo 0 mudpe, Ha3BaHUU, HOMEPE MO3UIIUHN U pazMepax
K101 aetand (0 ¥ mociie HAHECCHHsI KpOMOYHOTO MaTepuaia), nHpopmarus
0 caMoif KpoMKe (BKJIFOYAsi yKa3aHHE CTOPOH JJIs €€ HAHSCCHHS ), HAIPaBJICHUE
TEKCTYPhI OOJIMIIOBOYHOTO MaTepuana u T.J. Kpome Toro, mpousBoaUTCS pacyeT
CTOMMOCTH U3JACTHUA C YIETOM I'PYIIIBI KOPPEKTUPYIOMINX €€ KOd(PPUIIMEHTOB.

[Tpu BU3yanu3anuu MpoeKTa UCIIONb3YIOTCS CPEACTBA, MPECTABICHHBIC B
cucteme AUtOCAD wu mo3Bosstiomme paboTaTh ¢ Pa3IMYHBIMH HWCTOYHHKAMHU
cBeTa, (OpMHUPOBATh 3€pKaIbHBIE M MPO3payHble (aKTyphl, MOTy4aTh HU300pa-
xenus ¢ TeHsamu. [Iporpammer 3D-Constructor u 3D-Flat Bxitouaror 6ubnmuore-
Ky TEKCTYp, CTPYIIUPOBAHHBIX M0 THUIy MaTepuaia ¥ OCHOBHOMY IIBETY, JIETKO
pacmupsieMyr HOBbIMH oOpasmamu. [Iporpamma 3D-Flat BkimtouaeT 6a3bl mapa-
METPUYECKUX MOJeneil oUCHOMU, Kuioi u aeTckoit mebenu. Kpome toro, B co-
CTaB MPOTPaMMbI BXOIUT CHEIUATU3UPOBAHHBIA MOIYNb IS pa3pabOTKH Iu-
3allHa KyXHHU.

[Tporpamma 2D-Place, ocHoBBIBasich Ha WH(pOpPMALIMK MOJCIHA H3ACIU,
MO3BOJISIET TOJYYUTh KapThl ONTHMAIBHOTO PACKPOS JIMCTOBBIX MaTE€pHAJIOB,
YUUTBHIBAIOIIUEC HEKOTOPBIC TEXHOJOTUYECKHE 0COOCHHOCTH 000pyA0BaHus (IIH-
pUHA U MakCHMMajbHas JJIMHA TIPOMIIIA, BEIWYMHA OTCTYIOB OT Kpas JINCTa, UC-
MOJIb30BaHNE MHOTONIIBLHOTO CTaHKa M HEKOTOphle apyrue). Kpome Toro, mpo-
rpaMma MO3BOJISIET BECTH CKIIAJICKOW YYET JINCTOB U JICTOBBIX OCTATKOB, XPaHUTh
JaHHBIC O TOTOBBIX M3JCNHUSX, a TAKXKE pacreyaTaTh sIPJIbIKA-HAKICHKH C yKa3a-
HUEM HaNMEHOBAHUA JAETal, TabapuTHBIX pa3MepoB, MaTepualia U TOPLIOB, HA
KOTOPBIE TIOJITICKUT HAHECTH KPOMKY.

['maBHBIE TIpeUMyIIEeCTBa, KOTOPHIMHU o0ONamaroT mporpamMmbel  3D-
Constructor u 3D-Flat, o6ecrieunBarOTCsi BO3MOKHOCTAMH HX rpaduuecKkoi oc-
HOBHI - m3BecTHOU cucTeMbl AUtOCAD 2000. Ilpu sToM pa3paboTka W3ACIHil
KOPIYCHOU MeOeNn MO-MPEeXKHEMY BBITIOHSAETCSA B paMKaX TPaaullMOHHON Tmapa-
UMbl TIPOSKTHPOBaHUS (€CIM HE CYUTATh BO3MOXHOCTH 3a/JaHHS B MOJIEIH
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«JIOTUYECKHUX>» JINCTOBBIX MaTepuajoB). Kak u B Ipyrux pacCMOTPEHHBIX paHEe
CHUCTEMaX, BEIMKO 3HAUYCHHE CYOBEKTHBHOTO (pakTOopa M Ha dTare MOCTPOSHUs
MOJENU W3JeNus, U Ha dTane GOpPMHUPOBAHMS TU3aliHa MHTEPhEpa MOMEIICHHUS.
DTO HE MO3BOJISIET CYIECTBEHHO MOBBICUTh KAUE€CTBO U COKPATUTh CPOKHU pa3zpa-
OOTKM MPOEKTa, T.€. COOTBETCTBOBATH OCHOBHBIM TPEOOBAHUSIM I03aKa3HOTO
MPOMBIIJIEHHOTO TPOU3BOACTBA KOPITYCHOM MeOe .

1.3. O6o6mennas crpykrypa CAIIP kopnycHoii medesin

QOyHKIMOHAIBHBIE BO3MOXHOCTH PACIHPOCTPAHEHHBIX OTEYECTBEHHBIX
CAIIP xopnycHO# Mebesn, paCCMOTPEHHBIX BbILIE, 00ECIEUNBAIOT BHITIOJIHEHUE
MPOEKTHBIX MPOLEAYP, OPUEHTUPOBAHHBIX HAa PabOTy B YCIOBUAX CEPUUHOIO
/MM MHAMBUAYAIBHOTO Tpou3BoAcTBA. s ux 3 QpeKkTUBHON peanu3aiuu
TpeOyeTcsi ompejaesieHHas CTPYKTypHas OpraHu3aius MNPOTPAMMHBIX CpPEACTB
aBTOMATHU3aLMU TPOECKTUPOBAHUSI.

CAIIF BAS3IIC

BAS3IIC-Med e IHE

| BA3IIC-ITKa( [4— Bazoreni Mogyme — Drcrmop 1- i
i Moy mﬁqm— N | f— HMITOp T i
| MeTPITIECROTO I BA3IC-KoHCTPYKTOpP 1 tbaitnoe |
| |MOg emIp 0B AHH A L e _______a (dxf,bmp map.) |
LT | |
; v v v v
! Mogym BA3IC-Cmeta || BA3IIC-Packpoin |[PASHC-TIV f
i 3D-pmsyamm A ©Mogyme pacdera Mogvme packpos IloaroToeka |
i MOJe T I3 DeTnId CTOHMOCTH IIFOeIIIA | | JOICTOR BIX H IO OHAZE- VIIP AR JTAKMIIX :
i HEIX MAT e HAIOE IpOrpaM™L i
| x i
oS P S S S S P -
[Mepemna HOMEHKIATYPBI l I[lepemaya 3aABKA l l Iepema HoMEHK IATYPEI
BASIIC-Crmoan AR TOMATIGHPOEAHHEIE CIHCTEeMEI :
MoropyHKUHOHATEHAA CKIATCK AA { YIIPABJIeHIA :
IIPOT pAMMA {(1C-PAPYC: Mebenszo e mp eqmpHATIHE ¥

Puc. 1.3. Mooynvnan cmpykmypa cucmemovt <bA3HC»
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O6o6mennas ctpykrypa CAIIP xoprycHoi Mmebenu, npeaHasHAauYCHHON
IUIS. UCTIOJh30BaHUs B paMKaX TPAIUIIMOHHON MPOM3BOJACTBCHHON MapaIurMel,
MOJKET OBbITh MPOWUTFOCTPUPOBAHA HA TIPUMEpE M3BeCTHOU cucTeMbl «BA3UC».
JlaHHas cUCTEMa MCIOJIB3YETCs I TPOSKTHPOBAHUS KOPITYCHOM MeOenu ¢ Ha-
gana 1997 r. B ee ocHoBy momoxeH rpadudeckuii penaktop «bA3UC-
KoHcTpyKTOp», MpeIHa3HAYCHHBIN JUIsI aBTOMATH3AIMK TOJTOTOBKA KOHCTPYK-
TOPCKO-YePTEeIKHON AokyMeHTaruu (puc. 1.3).

1.3.1. I'papuueckas noacucrema CAIIP kopnycHoii mebesn

TpaaumonHas mapagurMa IpOEKTUPOBAHUS KOPIYCHOM MeOenu, peanu-
3oBaHHas B cymiecTtBytomux CAIIP, mpenctaBiseT coboil mociienoBaTelbHbIN
MPOLIECC, HAUMHAIOUIMICA C CO3/aHUsl TeOMEeTpUUecKord Moaenu. OHa COOEpKUT
MCUYEPIBIBAIOIIEE OMUCAHUE BCEX COCTABHBIX 3JIEMEHTOB U3AENHS U UX B3AaUMHO-
ro pacnosiokeHus. Paznuunsie CAIIP otnuyaroTcs apyr oT Apyra, Npexae Bce-
ro, MetogaMu (GopMHpPOBaHUA OOBEKTa U CIOCOOAMH OMHUCAHUS €r0 TeOMETPH-
YECKUX IapaMeTpoB.
Kaxk u3BecTHO, CylIECTBYET TPU METOJA OTIMCAHUS TEOMETPUU OOBEKTA:
- Hesaenvimu ynxyuamu Buna F(X,y,2) =0, rae X,Y,Z — KOOpPIUHATEI
TPEXMEPHOT0 MPOCTPAHCTRBA,

- MHOXMCECmEoM MmoueK, T.€. MPEICTABICHUEM MMOBEPXHOCTEH MHOMXKECT-
BOM OTJIEJIbHBIX UM MPUHAIIEIKAIINX TOYEK;

- napamempuueckumu @ynkyuamu Buga x=X(u,v), y=Y(uv),
z2=27Z(u,v), roe U,V — HEKOTOpbIC MapaMeTPbl, U3MEHSIOIIUECS B Tpe-
Jenax 3aJJ]aHHOr0 MHTepBaa.

JIJist mOCTpOEHUsI MaTEMATUYECKON MOJENH W3ACNIHS UCHOJIb3YETCS] OAUH
U3 CIIEIYIOUIMX CIOCOO0B €€ MpeACTaBICHHUS:

- Kapkachnas (npoeonounas) moodeab — TPEICTABICHUE TOBEPXHOCTH

00BEKTa MHOXKECTBOM IepeceKaroIumxcs Jiuaui (pedep);
- noeepxHocmHasa mooenp — TpeAcTaBiIeHuE 00bekTa HaOOpoOM omuca-
HUM OBEPXHOCTEN, OTPAHUYHMBAIOIINX MTOJIO€ IPOCTPAHCTBO;

- meepoomenvHaa mooeib — MOBEPXHOCTHASL MOJENb, JONOJHEHHAs! UH-
dbopmarmet, MO3BONAIONIEH A JTI000M TOYKM MPOCTPAHCTBA OMpee-
JUTh €€ MECTOHAXOXKJICHUE OTHOCUTEIBHO MOIECIUPYEMOTO HU3IEIUS:
BHYTpH, CHApYU WUJIU HA TPAHULIE.

HaunGonee mpocThiM crocoOOM MpeACTaBICHUS W3ACNHS SIBISIETCS Kap-
KacHass MoJesib, HO OoibMHCTBO coBpeMeHHbIX CAIIP xopnycHoit mebenmn
MMEIOT BO3MOXXHOCTh M TBEPAOTEIBHOTO, U MOBEPXHOCTHOTO MOJIeIMpoBanus. B
HUX HCIIOJB3YETCs 00BEKTHO-OPUEHTHUPOBAHHBIN MOAX0A K (POPMUPOBAHUIO MO-
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neneil MeOenbHbBIX U3JEIUN — UX MPEICTABICHUE B BUIE 00OBEKTOB MpPEeAMETHOMN
o0nactu. 9TO MO3BOJISIET JOCTHYh COUYETAHUS €CTECTBEHHOCTH B3aUMOJICUCTBUS
MOJIb30BATENsI U CUCTEMBI C IOCTATOYHOCTHIO 00beMa HHPOpMAIMH 715 TIOJTHOTO
npeacTaBieHus: GOpMbl U3ETUN TPH TBEPAOTEIHLHOM MOACITUPOBAHUM.
MaremaTnueckast (reoMeTpuueckasi) MOJelb MeOSIBHOTO H3/IEHs B CUC-
teMe «bA3UC» npencrasisier co00il HEPAPXUUECKYIO CTPYKTYPY C MPOU3BOIIb-
HBIM KOJMYECTBOM YPOBHEH, T.e. HMEET Mpou3BoJibHYI0 iyouny (puc. 1.4). Ee
CTPYKTYPHBIMHU €IUHUIIAMU SIBIISIFOTCS] BUJIbI, CJIOM, OJIOKH U 3JIEMEHTHI.

MMoaens H2emHs

Buansl
CToH
DIeMeHThI H OJI0KH MepBOoIo YPOBHA

2

{ - - \. 2TeMeHThI H OJI10KH N-I'0 YPORHA

Puc.14. Cmpykmypa zeomempuueckoiit mooeu uzoenus

Buo mnipencraBnsier co0oil MMEHOBaHHYIO 00JacTh XpaHeHUs WH}opma-
LMY, OMKCHIBAIOIICH CTPYKTYpPHO MU KOHCTPYKTHMBHO 3aBEPIICHHYIO YacTh H3JE-
nusi. XapakTepUCTUUECKUM aTpruOYTOM BHUA SIBJIAETCS 3HAUEHUE MaciTaoa.

Cnon — umeHOBaHHas 00MacTh XpaHeHHs] WH(OpPMAIIMU, HE MPUBSI3aHHAS
’KECTKO K ee cojiepkaTesnibHOMY acnekTy. [locnoiinas auddepenunanus Moaenu
W3JIEINUs ABIISIETCA MPEPOraTUBOM MOJIB30BATENS U MPOU3BOAUTCS MO CYOBEKTHUB-
HBIM KPUTEPHUSAM. yJAOOCTBO MaHMITYJIMPOBAHUS OO0BEKTaMU, (YyHKIHOHAIHHBIC
pazimuuug U T.0. K XapakTepUCTUUECKUM aTpuOyTaM CJIOs OTHOCATCS BUIU-
MOCTb, aKTUBHOCTh W IIBET. AKTUBHBIN (TEKYIIHIA) CJIOH — 3TO CJIOH, C KOTOPBIM
B JJAaHHBIA MOMEHT BpEMEHU pabOTaET MOJIb30BATENb.

dnemenm — enununa nHGOpMalUU, C KOTOPOH cucTemMa paboTaeT Kak ¢
eIMHBIM TenbIM. [lepedeHp u kiaccupuKanus 3JEMEHTOB, HCTOIb3YEeMbIX MPHU
MOJENIUPOBaHUU MeOenbHbIX u3aenuil B cucteMe «bA3UC», npuBeneHsl Ha puc.
1.5. JIByxypoBHeBas KiIacCHU(QHUKAIUs 3JIEMEHTOB OO0YCIOBIE€HA CTPYKTYPHO-
KOHCTPYKTUBHBIMH OCOOEHHOCTSIMU TIPOLIECCa KOHCTPYUPOBAHMSI KOPIYCHOM
MeOenu.
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IITEMEHTEI
- -
TI'eoMeTpHYECKHE AITEMEHTEI DreMeHTh] 0 OpMITEHHS
- |
- - - - -
OTpesoK OKPYEHOCTD Hyra TeKCTORASA CTPOKA CrielsHaK
- - - - -
CrunafiH | | | IIITpHXOBKA TlaHens (O CHOBHAS HAAITHCE Pasmep
bnok TexHHYecKHe TpeOoBaHH:A
- -
IIpocCThIE ATEMEHTEI CTPYKTYPHBIE JIEMEHTEI
| |
- - - - -
OTpesoK OKpY:HOCTE Myra Criel3HaK O CHOBHAA HAJITHCE
- - - - -
ITanens TeKCTORAs CTPOKA IItpHxoeKa| | (Pasmep| | CrimaiH
- -
TexHiTecKHe TpeOoBaHHA bnok

Puc. 1.5. Knaccugurkayusn rnemenmos mooenu medenpbHo2o uzoenus

Paznenenue 351eMEHTOB Ha MPOCTHIE 3JIEMEHTHI U CTPYKTYPHBIE TTO3BOJISIET
3HAYUTEJIBHO YIPOCTUTh W YCKOPUTH BBINIOJHEHUE OIEPalHil, CBSI3aHHBIX C
(hOopMHpPOBaHHEM UYEPTEHKHO-KOHCTPYKTOPCKON JOKYMEHTAIMH, a TaKKe co3ia-
BaTh IOJIb30BATEILCKUE THITBI AJIEMEHTOB (OJIOKH), B MAKCHUMAJILHOH CTCIICHH
YUYUTHIBAIOIINE OCOOCHHOCTH KOHKPETHOro mpeanpustus. CTpyKTypHBIE 3Jie-
MEHTBI OINPEAEISIFOTCA PEKYPCUBHO, KaK COCTOSIIME M3 MHOXKECTBA MPOCTHIX U
CTPYKTYPHBIX 3JIEMEHTOB, U B MPOLIECCE MOJEIUPOBAHUS MPEACTABISIIOTCSA €U~
HBIM LEJIBIM.

B mponecce KoHCTpyupoBaHUsT MEOEIBbHOTO M3JENIUs MOKHO BBIICIUTH
JIBa YaCTUYHO MEPECEKAONIMXCS 3Tana. NOCTPOCHHE MAaTEMAaTUYECKOW MOJIENIA U
dbopMHupOBaHHE KOMIUIEKTAa TOKYMEHTAaMu. [[7s pasmeneHus 3agad, pernaeMbIX
Ha KaKJIOM M3 ATHX JTaloB, BBeJCHA KIacCU(PUKAIUSA HIEMEHTOB Ha T€OMETpPH-
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YECKHEe SJIEMEHTHI U DJIEMEHTHl O(OpMIICHUS, YTO TMO3BOJSAET KaXKAOW TpyIIIe
KOMaHJ| ONEepUpPOBATH C COOTBETCTBYIOUIUM MHOKECTBOM 3JIEMEHTOB. Tak, Ha-
MpUMep, KOMaH/bl T€OMETPUUECKOT0 MOJEIUPOBAHUSI UTHOPUPYIOT 3JIEMEHTHI
odopMIIeHUS, BKIIOYCHHBIC B MOJIETh.

OCHOBHBIM 3JIEMEHTOM T€OMETPUYECKOTO MOJEIUPOBAHUS MEOETbHOTO
W3JIeNUsl SIBIISIETCS MaHeNb, IPEACTABIAIOMAs COO0H 00BEMHOE TEJO, «3aMeTae-
MO€» MPOU3BOJIBHBIM 3aMKHYTBIM KOHTYPOM IPHU MEPEMELIEHUH €0 BAOJb Mpsi-
MO Ha yKa3zaHHO€ paccTosHue. [laHenp XapakTepusyercs CleAyIoUMMU MHapa-
METpaMHu:

- Konmyp namnenu — HaOOp MPOU3BOJIBHBIX, 3aMKHYTBIX, HEIEpeceKaro-

IIUXCSl MOCJIEI0BATEIbHOCTEN OTPE3KOB, OKPYKHOCTEH, AYr M CIulaii-
HOB;

- mun —  mapamerp, XapaKTepU3yIOLIUi MPOCTPAHCTBEHHO-
(GyHKIIMOHATBHBIE 0COOEHHOCTH KOHKPETHOM MaHEeNH;

- moawjuna — JJIMHA BEKTOpPA, BIOJIb KOTOPOTO MEPEMEIIACTC KOHTYP
MIPU TOCTPOCHUU TMAHEIIH;

- HauMeHoeaHue — TEKCTOBAs CTPOKA, MUACHTU(GUIMPYIOMAs KOHKPET-
HYIO MaHeb C TOYKU 3PEHUS MOJIb30BaATENS;

- Mamepuan — NapaMeTp MaHEIU, XapaKTepU3ymoImid Matepuan (Mmare-
pHaJIbl, B clydae THYTOM MaHENH), U3 KOTOPOTO OHA W3TOTOBJICHA,

- 00n1uyoeKa — HAOOp MaTePHAIOB, UCIIOJIb3YEMBIX ISl OOJUILIOBKUA KPO-
MOK MJIY MJIacTel IMaHeHu,

- ¢ypHumypa — MHOXECTBO KPENEKHOW M JIEKOPATUBHON (DYpHUTYPHI,
MpeHAa3HAYEHHOM ISl CKPENJICHUS MaHENU ¢ IPYTUMU MaHeIsIMH, pea-
JU3aIUu e¢ PYHKIIMOHATBHOTO M/WIIH 3CTETUYECKOTr0 HA3HAYEHUS B CO-
cTaBe MeOEIHLHOTO U3IEIHS.

[Ipouecc dpopmupoBanuss MOACIH MEOEITHHOTO U3IETUs MOXKHO TMpeicTa-

BUTh COBOKYITHOCTBIO YEThIPEX YKPYIMHEHHBIX JEHCTBHIA:

- TMOCTPOEHUE KOHTYPOB MaHEJEH;

- 00JMIIOBBIBAHME KPOMOK MaHENEH;

- B3aMMHOE MO3UIIMOHUPOBAHUE MaHEJEH B MPOCTPAHCTRE;

- yCTaHOBKa (ypHUTYPHI.

N3 ompeneneHus KOHTypa CIENYEeT, YTO MaHENIb MOXKET HWMETh CKOJb
YTOHO CIOXHYIO T€OMETPUYECKYI0 (opMy, BKIIIOYAsl pa3IuuHbIe BHYTPCHHHE
BbIpe3bl. C popMallbHON TOYKHU 3pEHHUST OHA MOYKET COCTOSTh JaKe M3 HECKOJb-
KX HE3aBUCHUMBIX 4YacTed. /[ mocTpoeHus: KOHTypa MaHed HCIOIb3yeTcs
CHEUHAIbHBI T€OMETPUUECKUA MOAYJb, peaau3yroUui OOJNbIIMHCTBO BCTpE-
YaloIMUXCAd Ha MPAKTUKE CIOCOOOB 3aJaHUs €ro COCTAaBHBIX 3JIEMEHTOB: OTpE3-
KOB, OKPYKHOCTEM, AyT U CIUIAWHOB.
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OTpe3ok mpeAcTaBIAEeTCS YpaBHEHHEM MPSIMOM, MPOXOASLIEH Yepe3 NBe

3a/IaHHBIE TOYKH =% - X4 , I MOXET OBbITh MOCTPOECH OJAHUM H3 JBYX
Yo- Y1 X% X
CIEeAYIOUIUX CIIOCOOOB!

- 3aJJaHUE€M KOOPAMHAT KOHEYHBIX TOYEK: aOCOJIIOTHBIX, B MPUPALIECHUIX
WJIM OTHOCUTEJIBHO PaHee MOCTPOEHHBIX 3JIEMEHTOB;

- ONpeAeeHUEM JBYX TOUEK HA paHEe MOCTPOEHHOW NMPSMOU JIMHUH.

Bropoii crioco6 peanuzyeTcs mpu MOMOIIM afnmnapaTa BCIOMOTaTelbHBIX
noctpoeHuid. OH mpeamnoyiaraeT MOCTPOECHUE MPSIMBIX JUHUM OJHUM U3 UMEIO-
HIUXCS CIOCOO0O0B € MOCIEAYIOUUM YKa3aHUEM Ha HUX KOHEUYHBIX TOYEK OTpE3Ka.
B cucteme «bA3UC» uMeroTcs cienyrolme crnocoObl ONMpPeAesIeHUs] MPsIMbIX
JIUHUK

- JIMHMS, NPOXOoAsiuas NapauieibHO CYHIECTBYIOIEMY OTPE3KYy WU JIH-
HUU Ha 3aJIAHHOM PACCTOSIHUU;

- JIMHMS, TPOXOAIIAsl MO 3aJaHHBIM YIJIOM K CYIIECTBYIOIIEMY OTPE3KY
WJIU JINHUY;

- OuccekTpuca yria;

- KacareJbHbIC, IPOBEJICHHBIC U3 TOYKH K OKPYKHOCTH Wiu ayre (v
OJTHA KacaTeJIbHAs, B CIydae, KOTa TOYKa JIGKUT Ha OKPY>KHOCTH);

- KacaTtelibHbIe, MOCTPOEHHBIE K JBYM OKPYXXHOCTSIM, €CJId OJHA U3 OK-
PYXKHOCTEN HE HAXOAUTCSI BHYTPH IPYTOH;

- JUHUSA, «cpe3arolas» JBa IMEepeceKaroluxcs OTpe3Ka IMOoJ 3aAaHHBIM
VIJIOM W TPOXOJsIlas 4Yepe3 TOYKY, OTCTOSIIYI0 Ha YKa3aHHOM pac-
CTOSIHMH OT TOYKH nepeceueHus (packa);

OKpyXHOCTh U Jyra MPEACTABIAIOTCA OOLUIMM ypaBHEHUEM Ye€pe3 KOOp-
quHaThl nentpa (X,Y,) u pamuyc r: (X- X )2 +(y- y,)? =r?. Jlna xyru no-
MOJIHUTENBHO YKa3bIBAIOTCSA JBE TOYKH, OMPEICIAIONIME BEKTOpa C Ha4aJioM B
LIEHTPE OKPYKHOCTH, YIJbl HAaKJIOHA KOTOPBIX 3aJal0T YIJIOBOM pa3Mep Iyru.
[Ipu BBIMOJHEHUH OOJIBIIMHCTBA ONEPAMA F€OMETPUUYECKOTO MOJIETUPOBAHUS
Jyra 3aMEHSIETCS COOTBETCTBYIOUIEH OKPYXHOCTBHIO, TTO3TOMY B JajbHEWIIEM
OyJileM TOBOPUTH TOJBKO 00 OKPYKHOCTIX. OKPYKHOCTh MOXKET OBITh MOCTPOEHA
OJIHUM U3 CJIEIYIOIINX CIIOCOOO0B!

- SIBHBIM 3aJlJaHMEM KOOPJMHAT LEHTPA U Panyca,

- YKa3aHHWEM TPEX TOYEK, HE JIEKAIIUX HA OJTHOM NPSIMOM;

- COTPSDKCHUEM JBYX MPOU3BOJBHBIX AJIEMEHTOB (OTPE3KOB WIH OKPYK-

HOCTEH) OKPYKHOCTSIMH 3aJJaHHOT'O paJnyca;

- KacaTeJIbHbIMU 33aJaHHOTO paanyca, MPOXOSAIIMMH Yepe3 YKa3aHHYIO

TOYKY;
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- COTPSDKCHUEM TPEX MPOU3BOJILHBIX 3JIEMEHTOB (OTPE3KOB WIIM OKPYK-
HOCTEH) OKPYKHOCTSIMH BCEX BO3MOXHBIX PAIUyCOB.

Crnaits npeacTaBiseT co0o0i mapaMeTpUIeCcKyr0 OMKYOHYECKYI0 KPUBYIO,
MHTEPIIONUPYIOLUIYI0 WM allpOKCUMHUPYIOIIYIO 3aJaHHbIA MacCHB TOYEK Ha
MJIOCKOCTH B COOTBETCTBUM C OJHUM U3 ISATH aITOPUTMOB: UHTEPHOIUPYIOIIHIA
CIUIAMH, CTJaXKWBAIOIIMM CIUIAaH, HANpsOKEHHBIM crulaiiH, kpuBas be3pe um B-
crutaiin [41]. CnemyeT OTMETUTH, YTO C TEXHOJIOTHYECKON TOUYKH 3pCHHS 00pa-
00TKa MOOOHBIX KOHTYPOB MPEACTABISAET ONpeIeeHHbIE CI0KHOCTH. OOBIYHO
CILUTaMHBI UCIIOJIB3YIOTCS Ha dTale Au3alHepCcKor (KOHIENTyaabHOM) MmpopadoT-
KU U3JIEeNINs, a TIPU MEePEeX0JIe K ATaly KOHCTPYUPOBAHUS IPOU3BOJAUTCS UX BU3Y-
ajbHas anmpOKCUMAIUs TyTraMHu.

Tun manenu, Kak XapakTEPUCTHKA MPOCTPAHCTBEHHO-(PYHKIIMOHAIbHBIX
0COOEHHOCTEH, OmpeeNsieT MOJIOKEHNUE €€ JIOKaTbHONH CHUCTEMbl KOOPIWHAT W
JacTHYHO (PyHKIIMOHAIBHOE Ha3HadueHHWe. [IpeaycMOTpeHO Tpu TUIa MaHEeeH:

BEPTHKAJIbHBIC, TOPU3OHTANIBHBIC U (ppoHTa bHBIE (puc. 1.6).
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Puc.1.6. Cucmemsl koopounam namnenei

Jlyiss OOBIYHBIX MaHeNel (IIUTOBBIX 3JIEMEHTOB) IMOHSATHE TOJIIMHBI SBIIS-
€TCs M30BITOYHBIM, T.K. OHO YHCJICHHO COBIAJAcT C TOJIIMHON MaTepuala, u3
KOTOPOTO M3TOTOBJIEHA IMaHenb. Ha puc. 1.6 BUIHO, YTO TONIIMHA BEPTHUKAJIb-
HBIX, TOPU3OHTAIBHBIX M (DPOHTANIBHBIX MaHEJIeH OINpeenseTcs 3HaUCHUEM KO-
opauHATHI 10 ocu Z, Y uiau X COOTBETCTBEHHO B CUCTEME KOOPAMHAT MaHEeIIH.

['HyTas maHenb, ¢ MaTEeMaTHYECKOW TOYKH 3PCHHUSA, HE OTIMYACTCA OT
OOBIYHOM TTaHEIIH; Pa3INUUs TMOSBISIOTCS HAa YPOBHE TEXHOJIOTUH U3TOTOBJICHHUS.
OmgHuM W3 BO3MOYKHBIX CIIOCOOOB ITONYYCHHS THYTBIX TaHEJICH SBISACTCS IIO-
CJIOWHOE CKJIEMBAHUE JIMCTOB PA3IUYHBIX MaTepUaaoB. B aToM ciydae maTepuan
THYTOH MMaHeNn MPEICTaBIIeT COOON CIHCOK MaTepUaloB, a €€ TONIIHHA — CyM-
MapHYIO TOJIIHUHY BCEX CJIOEB. B 4acTHOM cilydae 3TOT CIIMCOK MOYKET COCTOATH
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W3 OJJHOTO MaTepuaia, 9YTO COOTBETCTBYET TEXHOJOTHH TMOJYYCHHS THYTHIX Ma-
Hesel myTem u3ruba miactu. J{ns rHyThIX MaHeled pacCUuThIBaeTCs JAJIUHA Pa3-
BEPTKHU STIO cleayrolieit hopmyie:
S=05(L- 2,0:d),
rae L — qyivHa KoHTypa THYTOHM NaHes
d — ToyIMHA THYTOW MaHEH.

Matepuainsl, UCMONIB3yEMbIE TPH TEOMETPUUECKOM MOJEITHUPOBAHUU Me-
OENbHBIX U3CIHH, NETATCSA Ha TPU TPYTIIIHI:

- JIUCMOBble Mamepuansl, XapakTepU3ymolmecs JIMHON, IHPUHOW H
TOJIIIIMHOM, TIPUYEM 3THU MapaMEeTPhbl COOTBETCTBYIOT aHAJIOTMYHBIM TIa-
pamMeTpam maHelw,

- NO2OHHble Mamepuaivl, OCHOBHON (YHKIIMOHAIHLHONW XapaKTEepPUCTH-
KOU KOTOPBIX SIBIISICTCA JJIMHA. METallJIoKapKac, MpoQIIH, CTOICIITHHUIIBI
U T.II.

- KpOMOUHble Mamepuavl, KOTOPble UMEIOT TOJBKO JJIUHY U TOJIINHY U
MPUMEHSIOTCS TIPU OOJIMIIOBKE KPOMOK TTaHEIeH.

ABTOMATHU3UPOBAHHBIA PEXUM OOJTUIIOBKH KPOMOK TaHENeH peanusyercs
MyTeM PYYHOTO BBIOOpA HYKHBIX KPOMOK, UCXOJIS U3 TTOCTABICHHBIX KPUTEPUEB,
¥ aBTOMaTHYECKOTO pacyeTa HEOOXOAUMBIX TEXHOJIOTHYECKUX MapaMeTPOB:

- TMoApe3Ka pa3MepoB MaHEI! Ha TOJIIMHY KPOMOYHOTO MaTepuaa,

- no06aBlieHHE MPUITYCKOB KPOMOYHOTO MaTepHuaa,

- (opmMupoBaHue eAMHOTO OTpe3a KPOMOYHOTO MaTepHasia il HECKOJb-

KHX CMEKHBIX KPOMOK.

[TomoGHBIE pacueThl BHITIOTHSAIOTCS, €CJIU TOTO TPEOYIOT TEXHOJIOTHIECKHE
MPOLIECCHl U3TOTOBJICHUS JACTAJICH.

JI7is pOCTPaHCTBEHHOTO MOJICIMPOBAHUS B3aUMHOTO PACIIOJIOKEHHUS Ta-
HeJell B cocTaBe MeOEThHOTO M3CNNs CYIIECTBYET CHUCTeMa KOMaH/, MOKa3aH-
Hag Ha puc. 1.7. Bce oHun MoryT paboTaTh Kak C OTACIbHOMN MAaHENbIO, TAK U C
MIPOU3BOJIBHBIM UX MHOKECTBOM.

KoMaH1bI TO3UIIMOHUPOBAHUS TIO3BOJISIIOT TOYHO yCTaHABIMBAThH MAHEH
OTHOCHUTEJILHO paHee MOCTPOCHHBIX IMaHeJe B COOTBETCTBUM C OOIIel uaeei
KOHCTpyupoBaHus. [IpuBsi3ka gomyckaeTcs Kak K IJIacTH, TaK U K KPOMKE TaHe-
mu. IlpuBsizka K ABYM MaHEISIM peaju3yeT ajJrOpPUTM «BIHCHIBAHUS» MAHEIU B
3aJlaHHbIe TabapUThl TOYHO WM C 33IaHHBIMA OOKOBBIMU 3a3opamu. [Ipumepom
MOOOHONW TPUBSA3KUA MOXKET CIY)KUTh YCTAaHOBKA CTAI[MOHAPHBIX UM CHEMHBIX
MOJIOK COOTBETCTBEHHO.

KoMmaHnbl mepemenenns peain3yloT BO3MOKHOCTh YCTAaHOBKH ITaHENICH B
T00YI0 TOUKY ¢ TIOBOPOTOM BOKPYT JF000H U3 Tpex oceil KoopJaAuHAT, B TOM YHC-
JIe ¥ OJTHOBPEMEHHBIM MTOBOPOTOM BOKPYT HECKOJIBKHX OCEH.
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TeoMeTpHIECKOe MO/IETHPORAHHE

- -
KomManakI Mo3HIHOHHD OB AHHS KoMaHARI [1ep eMeIeHH A
|
. ¢' ¢
IIpHEASKA K SIIEMEHTY CapHr IloropoT
> it
IIpHEsI3Ka K ARYM AJIeMeHTaM KoMaH/b] peaKTHP OBaHH:
‘L w
IIpHEsI3Ka C 3a30paMH JIHHeHHas1 pe3HHOBAsI HHTh
< v
KomMaHABLI KOITHP OB aHHA HsMeHeHHEe MaTEPHATOR
|
- - +
Ilo BekTOPY ITo Todkam CIielHATbLHBIE KOMaHbI
- + VCTAaHOBKA ABepeH ¢
Ilo cetke | | Ocepasd CHMMeTPHA

YCTAaHORKA ANTHKOR \

Puc. 1.7. Komanowvlt mooenuposanus medenbno2o uzoenus

Komanael konmupoBaHusi CiyXaTr AJjisi OBICTPOrO MOCTPOEHHUS MOBTOPSIO-
IIMXCSl DJIEMEHTOB MeOeNbHOro aHcaMmOmsa. YacTHBIM cllydaeMm SIBJISIETCA I1O-
CTPOCHHE U3JENHs, CAMMETPUYHOI'O CYIIECTBYIOIIEMY MPOTOTHITY.

Komanael penakTupoBaHus MpelHA3HAYEHBI JUIsl OpraHu3aluu paboThl €
MPOTOTUIIAMU U TIO3BOJISIIOT ()OPMHUPOBATH MOJEIN HOBBIX M3ACIUNA MyTeM MO-
IU(UKAIUN CYIIECTBYIOIIUX Mojaeneil. OCHOBHONW KOMaHIOW peJaKTHpPOBAHUS
ABJISIETCS JIMHEHAs pEe3WHOBAas HUTh — CIOCOO pPENaKTUPOBAHUS MOJEIH, MpHU
KOTOPOM IPOU3BOAUTCS JMHEHHas nedopmanus yka3aHHOW €e 4acTu MO 3a/aH-
HOMY BEKTOpPY C COXPAaHEHHUEM HEPA3PhIBHOCTH BCEX PEAAKTHUPYEMBIX JIEMEH-
TOB. Jpyrumu cioBamMu, NpOU3BOJUTCS W3MEHEHHE JUHEUHBIX pa3MEpOB IaHe-
JeH, monaJalolIuX B BEIOpaHHOE CEYEHUE.

C dopmanpHOI TOUKM 3peHUs, IBEPH - ITO MAHEIH, OJHAKO, B LIEJIAX MakK-
CUMAaJIbHOT'O y4eTa TEXHOJOTHYECKUX OCOOCHHOCTEH JIsl MX YCTAaHOBKHU BBEJICHA
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crieliuajgbHas KOMaH/1a, MO3BOJISIONIas COBMECTUTh ONEpallii YCTAHOBKHU U Kpe-
TIJICHHUS.
SAmmKy IpeaCcTaBIsIOT cO00# CTaHIAPTHBIC MapPaMETPHUUICCKUE SJICMCHTHI,
obpasyromue O6momuoreky. s ee dbopMupoBaHus pa3paboTaHa CrCIUaIbHAS
nmporpaMMa — MacTep SIIMKOB, BKJIOYaromias B cebs HeoOXoauMmblii Habop
CpPEJCTB TapaMETPUUECKOTO OMUCAHUS KOHCTPYKIIMU SIIMKA U COOTBETCTBYIO-
el CUCTEMBbI BBIABWKEHUS. B HacTosIee BpeMsi MOKHO BBIJICIUTh TPU OCHOB-
HBIX TUIIA CUCTEM BBIJIBU)KEHUS U, COOTBETCTBEHHO, BUJIOB SIIITUKOB:
- SIIMKHU, TIOCTPOCHHBIC W3 IMaHEeJeW ¢ POJUKOBBIMU WM IIAPUKOBBIMU
HamnpaBJISIOIINMU;

- amuku Tina «MeTaboKC», B KOTOPBIX OOKOBBIE CTEHKH BBITIOJTHEHBI U3
MeTajllla U COBMEILECHBI C HAMPABJISIOIIUMHU;

- SIMKU-KOpPOoOa, MpeICTaBAIoNe cOO0M CTaHAAPTHBIE TOTOBbIE KOHCT-
PYKITUH.

[Ipu ycTaHOBKE SIIUKOB B MOJEIU M3JENUS 3aJ1aeTCs TOJBKO CEKIUS W3-
JeNHsl, KOJIMYECTBO SAMIMKOB, MaTepuan ux (acaiaoB, €CIU OHU €CTh, U HEKOTO-
pble KOHCTPYKTUBHO-TEXHOJIOTUUECKUE MapaMeTphbl, HampuMep, BKJIAJHOE WJIU
HaKJIQJIHOC PaCIIOJIOKEHHE (acaza OTHOCHTEIBHO OOKOBBIX IEPETOPOJIOK, HIIH
BEPTHUKAJIBHBIN 3a30p MEXy COCeTHUMU (acamamu. Bce ocTambHBIC TapaMeTphl
PaCCUUTBHIBAIOTCS aBTOMATUYECKH.

Kpenexnas pypautypa (MM KpaTKo, KpeIex) MpeacTaBiseT co0oil Ha-
OOp THUIOBBIX KJIACCOB 3JIEMEHTOB, O0OBEAMHEHHBIX OOITHOCTHIO AJTOPUTMA YC-
TaHOBKU U OINMCBHIBAEMBIX TE€M HJIM MHBIM MHOXXE€CTBOM NapameTpoB. Kaxaplii
KJIACC OMUCBIBACTCS CIAEAYIOIIUMHU TPEMS XapaKTePUCTUKAMM:

- mun Kpeneca, KOTOPBIN MpeACTaBIsSICT CO00 NMPU3HAK, UICHTH(UIIN-

PYIOIIMI KOHKPETHBIN KJIacC KPEnexa,

- HauMeHO8aHue Kpeneixca;

- maccug napamempos Kpeneyca — IUHAMHYECKUN TMapaMmeTp, >KECTKO

onpeaesseMblii KOHKPETHBIM KJIACCOM.

B cooTBeTcTBUM C CYNIECTBYIOIMMMH TEXHOJIOTHUYECKUMHU OCOOEHHOCTSIMU
MpoM3BOJICTBA (OPMHUPYETCS OMOIMOTEKAa MCIOJB3yEeMOI'0 Kpemexka, KOTopas
BBI3BIBACTCS B IMPOIIECCE MOJICTUPOBAHUS MEOETbHOTO W3Jeiaus. AJITOPUTM YC-
TaHOBKH TIpEJINOJiaraeT BbIOOP HY)XKHOI'O 3JIEMEHTa Kperexa U3 OuOIUOTEeKU U
yKa3aHue 1O OIpeACJICHHBIM IpaBujiaM CKpeEIUIsieMbIX MaHenei. [Ipu s3Tom BbI-
TIOJTHSETCS aBTOMAaTHYECKUN KOHTPOJIb KOPPEKTHOCTH OIEpalMu IO T€OMETpU-
YECKUM KPUTEPUSM. MPUHAJICIKHOCTh Kperexka BCEM CKPEIUISIEMbIM TaHEsIM,
COOTBETCTBHE pa3MEPOB Kpereka TOJIIMHE TaHeJIeH U UX B3aMMHOMY pacmoJio-
KEHHUIO.

BaxxnelmmMm 3Tanom MpakTUYECKON peanu3aluy 3aJadyd reoOMEeTPUYECKO-
ro MOJICTUPOBAHUS SBIISAETCS MOCTPOCHHE M 3alojHeHuEe 0a3bl JaHHBIX Mare-
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puasioB (BKJIFOYass KOMIUICKTYIOIINE), HCIIOIb3YEMbIX MPHU MPOHU3BOJICTBE U3JIE-
nuii. OHa UMeeT uepapxXuuecKyro CTPYKTYpy, Moka3zaHHyto Ha puc. 1.8. Bee ma-
Tepualbl, XpaHsmecs B 0a3e NaHHbBIX, IETSATCS Ha TPYIIBI C BIOKEHHBIMU MO/~

rpynnamMu 1Jisd YI[O6CTBa X HAXOXIACHUA.

['pynmnbl MaTtepuasoB OpPraHU3YHOTCS B COOTBETCTBHM C TEM WM HHBIM
KPUTEPUEM OJHOPOJHOCTH, HAIlpUMEp, MO BUJAM MATEPHUATIOB WA UX MPUHAI-
JISKHOCTH K Pa3HbIM ckiiagaMm. Kakapli U3 MaTepuanioB XapaKTEpPU3YETCs Clie-

AYIOIINUM HaOOPOM MMapaMeTpoB:
- HaMMEHOBaHHWE MaTepHala;
- IIeHa MaTepuana,

- KOC—)CI)CI)I/I]_[I/ICHT, yLII/ITBIBaI-OH_[Hﬁ TCXHOJOIH4YCCKHUE U3ACPKKHU ITPOU3BOI-

CTBa;
- CIMHMIIBI U3MECPCHUS,

- KOJ Marepualia, KOTOPBIH HCIIOJB3YEeTCs IS CBSI3H C aBTOMAaTH3HPO-
BaHHOW CHCTEMOU CKJIAQJICKOTO Y4eTa,

- KJacC, K KOTOPOMY OTHOCUTCA MaTCpHall IIpH pacdcTe ce0eCTOMMOCTH.

Bbasza jaHHLIX

I

I'py1mia MaTepHAanoR

:

Iloarpymia

!

MatepHan

v
COMyTCTEVIONRHE MaTepHarT

I
v +

-
COITyTCTRYIOIIAsA OIlepalfs

|
- +

CoIyTCTEYIOLHH| (COITyTCTRYIOIAs
MaTepHan OIeparfs

ConyTCTEYIOUIHH| (COITyTCTEYIOLIAsT
MaTepHAa OTEP AL

Puc.1.8. Cmpykmypa 6a3vl OaHHBIX MAMEPUATIO8

OnpenenstomM MOHITUEM SIBJIIETCSA MOHSATHE COMYTCTBYIOIIMX 3JIEMEH-
TOB, MOJI KOTOPHIMHU MOHUMAIOTCSI MaTE€PUAJIbl U ONEPALIMU, UMEIOIIHNE KECTKYIO,
TEXHOJIOTUYECKU OOYCIOBIEHHYIO CBA3b C JaHHBIM MaTtepuaioM. OHU 00pa3yroT
OpPUEHTHUPOBAHHBIN HENMKINYECKUN Tpad, BecoBbIMU KOd(DPHUITMEHTaMU AYT KO-
TOPOTO ABJISIOTCS yEJIbHbIE CTOMMOCTA MAaTEPHUAJIOB WJIU yJIEJbHbIE 3aTPaThl Ha
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BbITIOJIHEHUE onepanuid. [lonoOHoe cTpykTyprpoBanue 0a3bl JaHHBIX MMO3BOJISIET
OpraHU30BaTh THOKUII SKOHOMUYECKUHN YUeT U3JIEPKEK MPOU3BOICTBA C 3apaHee
3aJIaHHOM CTENEHBIO JeTAIM3aluu CTaTel 3aTpar.

Takum oGpazom, rpadpudeckas noacucrema CAIIP «bBA3UC» peanusyet
TPAAULUUOHHYIO T€OMETPUUECKYI0 MapagurMy KOHCTPYUPOBAHUS H3JETUN KOp-
MyCHOW MeOenu, WHBApHAHTHYIO K (DYHKIIMOHATBLHOMY Ha3HAYEHUIO, CEpUIHO-
CTH Y CIIO)KHOCTU KOHCTPYKIIMU H3JCIHA, NCIOJIb3yeMbIM MaTepHuaiam, QypHH-
Type U KOMIUIEKTYIOIIHUM, TEXHOJOTHYECKUM MPOIECCAM U3TOTOBICHUS.

1.3.2. IloacucrtemMa mapaMeTpUYECKOro NPOeKTHPOBAHUS KOPIMYCHOM
Meo0e

[Iporiecc KOHCTpYUPOBAHUS KOPIYCHOM MeOEeIn BKIIOYAET B ceOs psijl TU-
MOBBIX MPOEKTHBIX OMNEpalid, HECYUIECTBEHHO OTIMYAIOUIUMXCS APYr OT Apyra
Ha Pa3JIMYHBIX TPEIIPUATUIX. ITO MOXKET CIYKHUTh MPEANOCHUIKON JUIsl pa3pa-
OO0TKHM MapaMEeTPUUYECKUX MPOUEAYpP WU MOJCUCTEM, OPUEHTUPOBAHHBIX Ha pea-
JU3AIHIO TIOJTOOHBIX OTICPAIIHA.

[TapameTprueckoe MPOEKTUPOBAHUE BCETJa OrPAaHUUYEHO BIIOJHE OINpeJie-
JEHHBIM KjaccoM u3aenuil. Kaxknas KOHKpeTHash MOJEINb MOJTy4daeTcss U3 HEKO-
TOPOT0, 3apaHee CO3JaHHOTO MPOTOTHUIIA MYTEM 3aJaHusl ONpeIeIeHHOro Habopa
MapaMeTpoB, YTO AIPHOPHO CYkKaeT Kpyr pemaemMbix 3agad. C qpyroil CTOpOHbI
NapaMeTpUUECKUM MOJIXO0J UMEIOT CYIIECTBEHHbIE TPEUMYIIECTBA, KOTOPHIE CBSI-
3aHbl, TPEXKIE BCEro, C BHICOKOM CKOPOCTBIO CO3JaHWs HOBBIX M3JEIUN U BO3-
MOKHOCTBIO aBTOMATHYECKOT'O BBITIOJTHEHU S PsA/ia MPOEKTHBIX ONEpalnii.

B coctaB cuctembl «bA3MC» BXOAUT MOAYNIb MapaMETPUUECKOTO MPOEK-
TUPOBAHMS JOCTATOYHO HIMPOKOI0 Kjiacca MeOENbHBIX M3ACNHM, KOTOPbIE MOXK-
HO OOBCAVMHUTH TCPMHUHOM <«IIKa(d», OMpeneNIIonIuM H3JeIHe, COCTOSIINee W3
Kopmyca, (acazioB U BHYTPEHHETO HamosHeHus. [Ipumepamu mogoOHBIX H31e-
JUI MOTYT CIY>KUTh JTIO0BIC TIIATAHbIE MKadbl, B TOM YUCJE U C Pa3ABHKHBIMU
JBEPSIMH, KOMO/JIbI, TPAKTUYECKHU BCA KyXOHHasi Me0Oesib, TYMOOUKH, HEKOTOPHIE
TUIBI CTOJIOB U T.N. ClienyeT OTMETUTh, YTO U3JAENIHs JaHHOTO Kjacca COCTaB-
JSAIOT JOCTATOYHO OOJBIIYIO JOJI0 B CTPYKTYpE OTEUECTBEHHOTO MEOEIbHOTO
pbiHKa [2, 7].

B monyne «bA3UC-IlIkad» BBeaeHO pa3neneHre MPOEKTHBIX orepanuit
Ha TpyNnbl B 3aBUCUMOCTH OT CTENEHU aBTOMATHU3ALMU. HEABTOMATHU3UPOBAH-
HbIe (py4YHBIC), aBTOMATH3UPOBAaHHBIC U aBTOMaTH4Yeckue. KOHCTpYKTUBHBIC TIa-
pamMeTphl Kopryca U3AeNus, MaTepuaibl U BUIbI GYypPHUTYPHI, a TAKXKE P APY-
ITMX OCHOBOMOJIAralouIux ONepanuil BBIMOJHSIOTCS BpyuHylo. dDopMupoBanue
BHYTPEHHETO HAmoJHEHUS (YCTAaHOBKA BEPTUKAIBHBIX M FOPU30OHTAIBHBIX IMEepe-
TOPOJIOK, CTAIIMOHAPHBIX M ChEMHBIX IMOJIOK, BBIJIBU)KHBIX SIIIIUKOB | T.J.) TIPOM3-
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BOJUTCA B aBTOMATU3UPOBAHHOM pPEXKHME C aBTOMATUYECKUM KOHTPOJIEM JO-
MIyCTUMOCTH BBITIOJTHEHUSI B COOTBETCTBHU C UMEIOUIMMUCS OrPAHUYECHUSIMHU.
[IpoexTHbIe oOmepanuu, HE TPeOYIOIIME TBOPYECKOrO MOAXO0JA, BBITOJIHSIIOTCS
aBroMatndecku. K momoOHBIM ornepanusiM OTHOCSTCS YCTaHOBKAa Kperexka, 00-
JUIOBKA KPOMOK M psif apyrux. [logoOHoe pa3geneHue mo3BOJIUIO ONTUMU3U-
poBaTh pabOTy KOHCTPYKTOPOB, OCBOOOJAMB MX OT BBHIMIOJTHEHUS PYTUHHBIX OIlE-
panuu.

[TpuHnunuansaeIM oTIHUKeM MoAyiss «bBA3MC-1lkad» oT npyrux cuc-
TEM MapaMeTPUUYECKOr0 MPOEKTHUPOBAHUSA KOPIYCHOW MeOenu SIBISIETCS MHTE-
PaKTUBHBINA, MPEIMETHO-OPUEHTHPOBAHHBINH CTMOCO0 (opMUpOBaHUS MOJIETH,
MpEANoJIaraloliuii BO3MOXHOCTh ~ BU3YyaJH3allUd MOJIENU TOCJE BBIMOJHEHUS
m000ro mara MpoeKTUPOBAHUS M BO3BpaATa K JOOOMY M3 MPEIbIAYLIMX pelle-
Huii. [Ipu ero nmporpaMMHON peanu3alvy IPUMEHSIICS aAalTUBHBIA ITapamMeTpHU-
YECKHUI MOJAX0/, MPEANOoNaraloluii CHHTe3 MOJEIN U3eTusl B BUI€ 0OpaTUMBIX
OTHOILICHUI MEX]ly €€ COCTABHBIMU 3JIEMEHTAMM.

[Iponiecc mpoekTUpOBaHUSA MapaMETPUUECKUX HU3JACIHA COCTOUT U3 Tpex
OCHOBHBIX 3TaIOB:

- (opmupoBanue kopmyca mkada,

- KOHCTPYMpPOBaHUE BHYTPEHHETO HAMIOJHEHUS U YCTAHOBKA JIBEPEH;

- HACTpOMKa MapaMeTpOB aBTOMATHYECKH BBITIOJHIEMBIX OTEPALUH.

Ha nepBom sTane onpeaensitorcss radapuThl U o0OLIass KOHCTPYKILMS U3Je-
TS, O]l KOTOPOM MOHUMAETCSl B3aUMHOE PAacIOIOKEHUE ero OOKOBBIX CTEHOK,
HWKHEW M BepXHEU TOPH30HTAIBHBIX CTEHOK (ITHA M KPBIIIKHU), @ TAKXKE 3aHETO
nojiuka (3amHeidl cTeHku). DopMaabHO ATOT 3TAll MPEICTABISACTCS OPUCHTHPO-
BaHHBIM Tpadom (oprpadom), mzodpaxkeHHsiM Ha puc. 1.9, rae O; — NpOeKTHBIC
omepanuu. s yrioBoro mkada Ha 3TOM K€ 3Tare MPOU3BOIATCS OIEpalliy
MOCEKI[MOHHOTO IJIAaHUPOBAHMS BHYTPEHHETO MPOCTPAHCTBA M KOHCTPYyUpPOBa-
HUS BHYTPEHHEU CTPYKTYpHI cekiuii. COOTBETCTBYIONINI oprpad MpUBEICH HA
puc. 1.10.

Bri0op MatepuanoB sBisieTcsl 00s3aTEIbHOM oOmepanuen, OCylecTBIse-
MOHM OJHUM U3 ABYX CIIOCOOOB:

- HENOCPEACTBEHHO M3 0a3bl JaHHBIX;

- U3 TaOJUIBI COOTBETCTBUS JTUCTOBBIX U KPOMOYHBIX MaTEPUAJIOB.

[locnenuuii BapuaHT MpeANoJiaraeT YCTaHOBJIEHUE ACCOIMATHBHBIX CBS-
3el MeXly UCIOJIb3YEMbIMH JIMCTOBBIMU U KPOMOYHBIMU MaTe€pHUaiaMH, YTO Xa-
paKkTepHO ISl PUTMUYHO PabOTAIOMINX NpeAnpUsITHil. JJaHHbIE CBA3M SBISIOTCS
YCTOMYMBBIMU U1l ONPEACIIEHHBIX MHTEPBAJIOB BPEMEHU U MOT'YT ONEPATHBHO
KOPPEKTUPOBATHCS B 3aBUCUMOCTH OT TeKylIeH cuTyanuu. VMcnonas3oBanue gaH-
HOTO BapuaHTa BbIOOpA MAaTEpHAJIOB MO3BOJSET Y3KOHOMUTH 00IlEe BpeMsi Mpo-
E€KTUPOBAHUS U MUHUMH3UPOBATHh KOJIUYECTBO CYOBEKTUBHBIX OLIUOOK.
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O1 — BBIOOp MaTepuaoB,; Og— KOHCTPYKIIUS JAHA;

O, — pacnoJyio’KeHHe KPBIIIKY; O7 — KOHCTPYKIUS LIOKOJISA;

O3 — KOHCTPYKIUS KPBILIKH; Og — (hacka mo 1 TUIMHTYC;

O4 — MOHTa)KHEBIE TUIAHKU, Og — pacmnoJiokeHue 3aHEeH CTEHKH;
Os — pacnoJio’)keHue JHa, O10—1a3 g1 3aJHEN CTEHKY,

O11— packpoii 3aiHei CTEHKH.

Puc.1.9. Opzpag evibopa koncmpykyuu wikagha

O1 — BBIOOP MaTepHaoB,; Os— pacroJiosxeHue JIHa,

O2 — KOHCTPYKIIHSA KOPITyCa; O7 — pa3MeneHue BEepTUKAIBHBIX MIEPErOpOIOK;
O3 — (acka nmox mIMHTYC; Og — pa3MeleHue MoJIoK;

O4 — KOHCTPYKIHS LIOKOJIS, Og — pa3MenieHne MITaHT sl OACKIBI;

Os — pacnosyio’keHHe KPbIIIKH; O10— pa3MenieHue maHesyeH 5KeCTKOCTH.

Puc.1.10. Opzepadgh evioopa koncmpykyuu y2no6020 wikaga

[Ipu ompeneneHWy B3aMMHOTO PACIIOJIOKCHHS KPBIIIKK H JHA OTHOCH-
TEJIBHO OOKOBBIX CTEHOK BO3MOYKHBI CIICTYIOIINE BAPUAHTHI:

- OTCYTCTBHE, YTO BCTPEYACTCS, HAIPUMEP, Y BCTPOCHHOH Mebeny;

- pacroyioxeHre Ha OOKOBBIX CTeHKaxX Iikada (HakIaaHON BapHaHT);

- pacHoNoXeHHe MKy OOKOBBIMH CTEHKaMH (BKJIATHOW BapUAHT).

Bb100p KOHCTPYKIIMU KPBILIKK WIM AHA MpEnoiaraeT 3ajJaHue napaMer-
POB, ONMPEAEAIONIUX KOHTYP COOTBETCTBYIOIIEH MAHEH.

MoHTaXHbl€ MIAHKH TPEACTABISIOT cCOOOW BCIIOMOTaTelbHbIE MaHENH!,
pacriojaraeMble 3arojUIMI0 ¢ BEPXHUMU KPOMKaMHU OOKOBBIX CTEHOK. OHH OIl-
penensoTCs MUPUHOW M TMO3UIMOHUPYIOTCS CMEIIEHHWEM OT MEpPEeIHEro Wi
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3amHero cpes3a mkada. MOHTaXHbBIE TUTAHKA HCIOJB3YIOTCS, HAMPUMED, MPH
KOHCTPYHUPOBAHUHU KYXOHHBIX CTOJIOB-TYMO, UMEIOIINX €IUHYIO CTOJICIIHUILY.
3anHssl CTEHKA MPEeJCTaBIsIET cOO0M MaHe b WIM HECKOJIBKO MaHeNel U3
JIBII wmim kieeHo#t daHepbl, ycTaHaBIWBaeMyr c3amud Imkada. OHa urpaet
(GYHKIMOHATBHO-IEKOPATUBHYIO POJIb M HE TMpeIHA3HAUCHA I BOCIIPHATHUS Ha-
TPy30K, BO3HUKAIONIMX B TIpollecce dKCIuTyatanuu mkada. Kak npaBuio, 3amHss
CTEHKa KOHCTPYUPYETCS COCTaBHOW, MPU 3TOM pa3Mephl KaxKJ10il MaHeNH ompe-
JEJSII0TCS, UCXOJI1 U3 pa3MEpOB MMEIOLIMXCA JUCTOB Marepuana u yaoOcTBa
TPAHCTIOPTUPOBKH M3JENUi. B cucteme mpeaycMoTpeH pexuM pydHoro Gopmu-
pOBaHUs MaHeNel 3aJHel CTEHKU U JIBa aJIrOpUTMa aBTOMATHYECKOTO OIpejie-
JIEHUS Pa3MEpPOB COCTABHBIX MAHENEH:
- 10 CPEAUHHBIM JMHUAM KPOMOK BCEX BEPTHKAJIbHBIX MEPETOPOAOK, yC-
TAHOBJICHHBIX MEXKY JTHOM U KPBIIIKOH 1IKada;
- nenenreM Ha N OJMHAKOBBIX YacTed TakuM oOpa3om, 4TOOBI UX IIUPH-
Ha He MPEeBbIIIAA 3aJaHHOT0 3HAYEHHS] MAKCUMAJIbHOUN IIMPUHBI.

Jlns yrioBoro mikaga IpoeKTHBIC ONepalid KOHCTPYHUPOBaHHs BHYTPEH-
HEro HAMOJHEHUS MPEACTaBIISIOT COOOM MOJMHOMKECTBO MPOEKTHBIX OINepaluil
onpeneNeHns] KOHCTPYKIIMU Kopryca. ITO 00YCIOBIEHO OTpaHUYECHUSIMH, HAJIO-
KEHHBIMU Ha BO3MOKHBIE€ BapHAHThl MapaMETPUUECKUX H3ACIUN Ha JaHHOM
atare pa3Butus Mmoayis «<bA3UC-IIkad».

BHyTpenHee HamoHeHHe OOBIYHOTO IIKada KOHCTPYUPYETCS B MHTEPAKTHB-
HOM pexxume. OOIMi MPUHIMUI YCTAHOBKU BHYTPEHHUX 3JIEMEHTOB COCTOMUT B TOM,
YTO KKl TaKOW 3JEMEHT YCTaHABIIMBAETCS B CEKIMIO, 0Opa30BaHHYIO JBYMs
BEPTUKAIBHBIMU M JBYMs TOPU30HTAJIHHBIMH CTAllMOHAPHBIMH CTeHKamH. [ paHuia-
MU CEKIIMI HE 00s13aTeJIbHO JOJDKHBI CIYKUTh MAHENN LEJIMKOM, HEPEIKO OHA Ta-
HEJTb SIBJISIETCS] TPAHUIICH Cpa3y HECKONBKHX ceKIni. TakuMm o0pazom, hopMHUpyeTCs
aCCOIMaTUBHAS CETeBasi CTPYKTypa M3ICIUS C OOpAaTUMBIMU OTHOIICHUSIMA MEXITY
ee cocTaBHBIMH dteMeHTaMu (puc. 1.11). JIro0o¥ 371eMEHT BHYTPEHHETO HAITOJTHEHUS
SBKITIOYaeT B ce0sl 10 JBE CCHUTKM Ha 3JIEMEHTHI CIICKOB BEPTUKAJIBHBIX MEPETOPO-
J0K V| 1 cTallMOHAPHBIX TOPU30HTANIBHBIX Neperopook G;. Ilpu sTom camu ykazaH-
HbIE NIEPETOPOJIKA UMEIOT IBOMHBIE BHYTPEHHHUE CCHUIKH.

OTnuuuTenbHON 4epTOd OONMBIIMHCTBA IMIKA(OB SBISCTCS HAIWYHE JIBE-
pell — getaned B BUIE IIMTa WJIM PaMKHU C 3allOJIHEHUEM, — MPEIHAa3HAYE€HHbIX
JUTSL 3aKpBITHS TTpoeMoB. 1o MpUHIMIY OTKpBhIBaHUS HauOoJiee paciupoCTpaHEeH-
HBIMU SIBJISIFOTCSl paclallHble M pa3JBUXKHBbIE nBepu. Takum oOpaszom, ompene-
JSIONIMME TTapaMeTpaMu JIBEpeH SIBISIFOTCS MX KOHCTPYKIUS (IIMTOBBIC MU pa-
MOYHBIC) U THI (pacHailHbie WU Pa3IBIKHBIC).
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Gi — CIHCOK CTAallMOHAPHBIX TOPU3OHTAIBHBIX
MIEPEropoIoK;

Vj — CIIUCOK BEPTUKAIBHBIX N1€PEropoJIoK;

Sk, Sy — crHCcKu 3JIEMEHTOB BHYTPEHHETO HAIOJI-
HEHHS.

Puc. 1.11. Cemesaa cmpykmypa 0na onucanus
6HYMPEHHE20 HANOIHeHUA WKapa

JIisi [UTOBBIX ABEpE MOMOJHUTENBHO 3aJaeTcsl MaTepuall, Kak W s
OOBIYHBIX TIAHEJEH, a JAJIT paMOYHBIX — ele W mapaMmeTpsl npoduins. Jms dop-
MUPOBaHUSI OMOTMOTEKM MCHOJIB3yeMbIX MPOMUIBHBIX CUCTEM BBOJUTCS TOHS-
THEe 00001IeHHOTO ropu3oHTaidbHOro (puc. 1.12, a) u BepTHKanbHOr0 poduIcit
(puc. 1.12, 6), Habop MapaMEeTPOB KOTOPBIX IOCTATOYCH IS MTAPAMETPUUECKOTO
OMUCAHUS JIFOOOW CUCTEMBI.

L[ 1,

N; 6)

a)

Puc. 1.12. I'paghuueckoe npeocmasnenue 0600uienno20 npoghuns

HpI/I YCTAaHOBKE pacCIIalllHbIX L[Bepeﬁ ABTOMAaTHYCCKH BBITTOJIHACTCA OIICpa-
ousa paCCTaHOBKH IICTCIIb 3aJdHHOT'O THIIA IIO aJITOPUTMY, YUYHUTBIBAIOIIEMY KO-
JUYCCTBO IICTCIIb HA €AMHUIY BBICOTHI, KPATHOCTH Iara pasMEcIicHusA U MHHH-
MAaJIBHBIC OTCTYIIBI OT T'OPHU3O0OHTAJIBbHBIX KPOMOK z[Bepeﬁ. I[OHOHHHTCHBHOﬁ €ro
OHL[I’ICﬁ ABIACTCA KOHTPOJb KOPPECKTHOCTH ABYCTOPOHHETO PASMCIICHUSA IIETCIIb
Ha CPCOHEM IIUTC U, IIPpHU HGO6XOI[I/IMOCTI/I, BLI60p II€TJIIN NHOT'O THUIIA.

I[J'IH mapaMEeTpUUICCKOTO OIIMCAaHHA MEXAHHU3MOB pasABMIKCHHA Ha OCHOBC
aHalin3a HCIOJb3YCMBIX IIPpHU IIPOU3BOJCTBEC MeOenn MeXaHH3MOB pa3pa60TaHo
KOHCYHOC MHOXKCCTBO KOHCTPYKTHBHBIX CXCM, KOTOPBIC OMHUCBIBAIOT BCC CYIIC-
CTBCHHBIC KOHCTPYKTHBHBIC IMAapaMCTpPhbl PCAJIbHBIX CHUCTCM pPa3aBHIKCHUA. JIro-
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00lf MeXaHMW3M COCTOMT M3 JBYX YacTel: BEPXHEH HANpPABIAIONMIEH U HIDKHEH
HaNpaBJSAIOLIEH, TPUYEM, ONPEACISAIONIEA CUUTAETCS BEPXHSA HANPABISIONIASA.
DTO O03HayaeT, YTO KAXKJIOMY THUIY BEpXHEW HampaBisiOUIEd COOTBETCTBYET
BIIOJTHE OTPECIICHHBI Ha0Op HUKHUX HampaBisitomux. KomMOMHUpYs HYKHBIM
o0pa3oM HampaBiSOIINe, MOKHO MOJIYyYUTh TPeOYeMbIi MEXaHU3M pa3aBHKe-
HUsI. DparMeHT MHOKECTBA KOHCTPYKTHMBHBIX MAPAMETPUUECKUX CXEM IOKa3aH
Ha puc. 1.13.

s L _
i
M ﬂ m |ﬁ|

W

) L

1§ §F  ThThhy

e
=

]

= g =

Puc.1.13. IHapamempuueckas cxema Mexanuzma paz0GuIceHus

[Ipu ycTaHOBKE pa3aBIKHBIX ABEpPEH JOMYCKACTCS MCITOIh30BaTh JBa BH-
Ja MaTepUajaoB B MPOU3BOIBHON KOMOMHAIIUK. [|BepH YCTaHABINBAIOTCS TaKHM
o0pa3oMm, 4TO MX MIMPHUHA OJWHAKOBAS C YYETOM B3aMMHOTO TMEPEKPHITHS, a IS
PaMOYHBIX JIBEPEH — eIIIe B ¢ YU4ETOM IMapaMeTPOB BEPTUKAIBLHOTO MPOQuIIs.

JIOTIOJTHUTENIPHON OMITMEH alropuTMa YCTAaHOBKHU SIBISCTCS aBTOMAaTHYE-
CKasl KOppEKIUs IapaMeTpOB BHYTPEHHETO HAIIOJIHCHHUS B 3aBUCHMOCTH OT pe-
aNbHBIX TTApaMETPOB HCIIOJIB3YEMbIX MEXaHH3MOB. BCE DJICMEHTHI BHYTPECHHETO
HAIOJIHEHHS IKada Mmoape3arTcsi BOBHYTPh (YMEHBIIACTCS IIyOMHA IMaHesek),
IpU 3TOM TTyOHMHA caMoro ImKkada He u3MeHsIeTCs. [ HEKOTOPBIX pa3aABHUKHBIX
MEXaHH3MOB IIOMHMO 3TOT'0 MOKET U3MECHSATHCS TMOJOKCHUE BEpXHEH WMIN HUXK-
HEl TOpPU30HTAIbHBIX CTCHOK, a JIJIT HEKOTOPBIX MEXaHU3MOB — 00EHUX CTEHOK.

BcnomorarenpbHbIMU aTpuOyTaMu IBEPEH SBIISIIOTCS PYYKH, KOTOPBIE MO-
I'yT YCTaHABJIUBATHCS aBTOMATHYCCKH IO 3apaHee OIPEJCICHHOMY ajJTrOpUTMY
WU Bpy4uHyro. ISl pacmamHbIX JABEpEeH TOMOJHHUTEIBHO MOTYT OINMPEIACIATHCS
3aMKH U 33JBWKKH. Bce OHU TIpeCTaBIAIOT cCO00M QypHHUTYpPY M COJepIKaTcs B
CIIEUAILHON OMOIHOTEKE.

OmHUM B3 BaXKHBIX JIOCTOMHCTB MTapaMETPHICCKOTO IIPOSKTUPOBAHUS KOP-
MMyCHON MeOENH SBISCTCS BO3MOXXHOCTD TTOJTHOM aBTOMATH3AIMH IIPOIIECCOB 00-
JUIIOBKY KPOMOK M PACCTaHOBKH KpereiKa.

JI1st 0OJTMITOBKYM KPOMOK Peajii30BaHO JIBa arOpUTMa. OOJIMIIOBKA TOJIBKO
OTKPBITBIX KPOMOK, HJIH — BCEX KPOMOK. K OTKPBITBIM OTHOCSTCSI T€ KPOMKH TIa-
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Heneﬁ, KOTOPBIC HEC MPHUKPEINICHBI XXCCTKO K APYIUM MAaHCIIAM, HAIIPHUMCEP, IIC-
pe€ansgasd KpOMKa KpPbIIIKH mKacba, BCC KPOMKH BKJIAAHBIX ITOJIOK M T.I. Takum 00-
pa3oM, O6J'II’I]_[OBKa KPOMOK CBOIWUTCA K BBI60py Martcpualia u HaCTpOﬁKe aJiro-

puTM™MA.

[IpyHUMIT pacCTaHOBKHM KpEMeka peaqn30BaH AHAJOTHYHO: 3aJal0TCSI BU-
IIbl KpeIeka OTIENIbHBIX CTPYKTYPHBIX 3JIEMEHTOB, aJITOPUTM PACCTAHOBKH U
pAA OTOJHUTEJBHBIX TEXHOJIOTUYECKUX MapaMeTPOB, OCHOBHBIM W3 KOTOPBIX
SBJISIETCS Coco0 Oa3upoBaHMs, YTOUHSIOMIMI 3adaHHBIM anroput™. llpeny-
CMOTpEHBI CIIEAYIOUIUE Ba Cr1oco0a Oa3upoBaHuUs:

cummempuunoe, TPEIoNaraiollee pa3MeieHue 3JeMEHTOB Kperexka
CUMMETPUYHO OTHOCUTEJIBHO CEPEIUHBI MPUKPETUIIEMON TTaHEJIN C BbI-
OpaHHBIM IIArOM;

om 6vlOpanno2o cpe3a, NP KOTOPOM MEPBBIN AJIEMEHT Kpereka ycra-
HaBJIMBACTCS HA pacCTOSHUN (UKCHPOBAHHOTO OTCTYIIA OT 3aJTHETO WJIH
MEepeTHEr0 cpe3a, a OCTAbHbIE — Pa3MEIIAIOTCA B HEOOXOAMMOM KOJIH-
YEeCTBE C 3a/JJaHHOM KPATHOCTHIO I1ara, Mpu4eM MUHUMAJIbHOE PacCTosI-
HUE TIOCJIEHETrO 3JIEMEHTa OT MPOTUBOMOJIOKHOTO Cpe3a HE MOXET
OBITh MEHBIIIE HEKOTOPOU KOHCTAHTHI.

Ha puc. 1.14 noka3zaHbl NpUMeEpPbl PACCTAHOBKHU Kpernexa ¢ 0a3upoBaHUEM
ot 3aaHero (puc. 1.14, a) u nepennero (puc. 1.14, 0) cpe3oB cO ClIEeAYIOMUMH
napaMeTpamu:

(DUKCUPOBAHHBIM M1 MUHUMAIbHBIN OTCTYIBI — 50 MM;
riryonHa u3nenus — 450 mw;
KpaTHOCTH IIIara pacCTaHOBKHU — 32 MM.

AJ'IFOpI/ITM aBTOMATHUYECKOM paCcCTaHOBKH KPCIIC)Ka MMCET ABC NOIIOJHHU-
TCJIBbHBIC OIIIIUU.

WCIMOJb30BaHUE IIKAHTOB. JIOOOW CTPYKTYpHOH TpyIe 3JIE€MEHTOB
mkada MOMHUMO Kpereka MOKHO HA3HAUWTh IIKAHTHI, KOTOPHIE MPH
KpEIUICHUU MaHeled NaHHOW Tpynmbl OynyT YCTaHABIMBATHCA Ha 3a-
JAHHOM PAacCTOSIHUM «BHYTPb» MaHEIH OT OCHOBHOTO 3JIEMEHTa Kpere-
Xa,

aJbTEPHATHUBHBIN KPEIEXK: MPU pa3MEIICHUHN MAaHEJIEW HAa OTHOM YPOBHE
B COCEIHMX CEKLUHSIX W HCIIOJb30BAHMHM HEKOTOPBIX BHUJAOB KpEIeExka
MOXET BO3HHUKHYTh CHUTYyalWsi, KOTJa IMOJIYYEHHYK) KOHCTPYKLHIO HeE-
BO3MOXXHO coOpaTh. JIJisl UCKIIIOUEHUsI ATOr0 MCIOJIb3yeTCsl ajJbTepHa-
TUBHBIA KPEMEXK, JIEMEHTHI KOTOPOI0 aBTOMATUYECKH YCTaHABIMBAET-
CA B TOM CIly4ae, €CJIH UCIOJIb30BAHUE 3JIEMEHTOB OCHOBHOI'O KpEmeka
HE JIOIYCTUMO.
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Puc. 1.14. Ilpumep asmomamuyeckoii paccmanosKu Kpeneica

—

B aBTOMaTHM3MpOBAaHHOM pEXHUME B MOJEIN KOHCTPYyHpyeMOTo Inkada
MOX@HO, IIOMHUMO YIIOMUHABIIMXCS BBIIIE pPYYEK, 3aMKOB M 33aJBHXKEK,
yCTaHABIWBAThH CJICAYIOIINE BUIIBI PYPHUTYPHI: OMOPHI, TIOJABECKHU, IMOMATHUKH,
IITAHTH JJISI OAEXKbI, TOACBETKA.

JIOTIOMHUTENBPHOW ~ KOHCTPYKTHBHOM  ommmeidl  mkada  sgBiseTcA
ABTOMATUYECKOE ITOCTPOCHUE IO 3aJaHHBIM IApaMETPaM AaHTPECOJbHBIX U
yraoBeIX cekiuid. ITog aHTpecoapbHO# ceknueil (aHTPecosIbI0) MOHUMAETCS CEK-
1M, COBMAJAloNIas Mo mupuHe co mkadom u pacmonoxkeHHas Hajg HUM. Croma
OTHOCSITCSI HE TOJILKO KJIACCHUYECKHE AHTPECOJIN, HO U, HAIPUMED, HABECHBIE KY-
XOHHBIE TOJKHU. Bce 3aBUCHUT OT KOHKPETHBIX NApaMeTPOB, 3aJaHHBIX MPH IO-
CTPOCHHUH AHTPECOJIM. AHTPECOJIb MOMUMO OOKOBBIX CTEHOK MOKET BKJIIOYaTh B
ce0s1 BepTUKAJIbHbIE CTEHKU, BKJIA/IHBIE MTOJKH U JIBEPH.

VYTi0Bble CEKIHH — 3TO OTKPBITHIE KOHCTPYKLIHMHU C IOJKaMH, Pacrtoo-
KEHHBIC BIUIOTHYIO K OJHOM WJIM JBYM BHEIIHMM OOKOBBIM CTEHKaMm mikada.
[TapameTpbl NOCTPOEHMS YTJIOBBIX CEKIMU 3aJAlOTCS OTIOEIBHO I KaXJIOu
BHEIIHEH CTeHKH mKada u/uiu aHTPeCoJIu.

3aBepuiasi pacCMOTPEHUE ABYX MOJYJIEH r€OMETPUYECKOr0 MOJIETUPOBa-
HUS, YHUBEPCAJIBHOTO U MapaMeTpPUYECKOro, HEOOXOAMMO OTMETUTh MPHUHIU-
MAAIBHOE Pa3Inyue MEXIY HUMHU, KOTOPOE KOPOTKO MOYKHO OXapaKTepHU30BaTh
CIEYIOIUM 00pa3oM: HCIONIb30BAHHE MapaMETPUUECKOW MOJETH IMO3BOJSET
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OBICTPO CO3/aBaTh MOJENHM OTPAHMYEHHOTO Kpyra HU3JeJIMi, a MCIOJIb30BaHUE
YHUBEPCAIBHON MOJIENIA TO3BOJIAET CO3JaBaTh MOJEIU MPOU3BOJIbHBIX U3JETUH,
HO C CYIIECTBEHHO OOJbIIMMHU 3aTpaTaMHi BPEMEHH.

O0beauHeHne IBYyX MOAYJe KOHCTPYUPOBAHUS B €JMHOM IPOTrPaMMHOM
KOMILJIEKCE TMO3BOJISIET ONTUMAJIbHBIM 00pa3oM OOBEIUHUTH MX JTOCTOMHCTBA.
[lapameTprueckue MOAENM W3ACNHM, CpoeKTUpoBaHHbIE B Mojaylie «bA3MC-
[Ikag», MOTyT omepaTUBHO TPAHCIUPOBATHCS B (popmaT yHHBEpCaIbHON Trpa-
¢buyeckoii cuctembl «<BA3MC-Me6enbinuk» 0e3 morepu uH(GOpManuu, 4To I0-
3BOJISIET BBIMIOJIHATH JIO0OYI0O X KOHCTPYKTUBHYIO JOPaOOTKY. DAKTUUECKH ATO
03HA4YaeT CYIIECTBEHHOE pPACUIMPEHUE TOTO Kpyra M3JeNuid, KOTOPblE MOTYT
OBITh MpPEACTAaBICHbBI NapaMEeTPUUECKON MOJIETBIO.

1.3.3. IloacucreMa Bu3yaau3aunu 00bLeKTOB MPOEKTUPOBAHUS B
CAIIP xopnycHoii meGesu

Baxueiinieinr coctaBHoM 4dacTbio CAIIP MeOenbHBIX H3AEIUI ABIAETCS
MOJACHUCTEMA TPEXMEPHOM BH3yanu3auuu Mmojenei. Hecmotps Ha umerommecs
pa3nuvsg B TEXHOJIOTHHM MOCTPOCHUSI BU3YAJIbHBIX CLIEH, OOIIMMU ISl BCEX SIB-
nstoTest TpeboBaHUs 3P(HEKTUBHOCTH, pealiu3Ma W CKOPOCTH TeHepaluud HU30-
OpaxeHUH ¢ y4eTOM I[BeTO-(aKTypHBIX OCOOCHHOCTEH MaTepraoB.

[Toncucrema tpexmepnoit Buzyanuzauuu CAIIP «bA3UC» pazpaboTtana
Ha ocHOBe rpadudeckoi oubnmorexkn OpenGL; mocneaHss npeacTaBiIseT coooi
HIMPOKHUA HAOOP ammapaTHO-HE3aBUCUMBIX rpaduyeckux mpoueayp ais 3¢ dex-
TUBHOTO CO3JaHUsl PEATUCTUYECKUX H300paK€HHIl C MCIOJIb30BAHUEM IIPO-
rpaMM, HallMCAHHBIX HAa YHUBEPCAIbHBIX S3bIKaX MPOrPAMMHUPOBAHUS BBICOKOTO
ypoBHs [42]. OHa sByseTCS BCTPOSHHOM TMOJCUCTEMOW B MOIYJIM T€OMETpHUE-
CKOTO MOJICTUPOBAHUSA U MOXKET BBI3BIBATHCA Ha JIOOOM miare (popMHUpOBAHUS
YHUBEPCATbHOW WM MapaMeTpudeckor Moaenu u3aenus. OCHOBHbIE (yHKIIHUO-
HaJbHbIE BO3MOXHOCTH MOJCUCTEMBI TPEXMEPHOU BU3YyalM3allUM CIICAYIOLIHE:

- aBTOMATHUYECKOE M PYYHOE BpallleHUE N300paKeHHUS;

- CIVIa)KMBaHUE HEPOBHOCTEH Ha pebpax maHene;

- pexuM GOTOPEaTUCTUIHOTO U300paKEeHHST,

- TMOCTPOEHHUE NMEePCHEKTUBHON MPOEKIUY;

- 3aJ]JaHU€ COOTBETCTBHUS UCIIOIB3YEMbIX MAaTEPUATIOB U TEKCTYP;

- OIpeJesieHue MapaMeTPOB U PACCTAHOBKA HCTOYHUKOB CBETA.

IIBer ¢doHa, HA KOTOPOM OTOOpakaeTCcsl MOJIEIb W3MeNus, MOXET 3aja-
BaTbCsl OHUM M3 TPEX COco00B: (OH 3aaHHOTO IIBETA, JOH C TUIABHBIM Iepe-
XO0JIOM IIBETOB U (hOH-TEKCTYypa.

TekcTypa mpencrasiser co0oii (ailia ¢ COOTBETCTBYIOIIUM PHUCYHKOM B
omHoM m3 Tpaduyeckux dopmator: gif, jpg, jpeg, bmp, emf, wmf. [{ns peanu-
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CTHYHOU Tiepeiaud IBETO-(PaKTypHBIX OCOOCHHOCTEH MaTepUaoB KaXJIOMY U3
HUX CTAaBUTCS B COOTBETCTBUE OTPEACICHHBIN (ailll ¢ pUCYHKOM TEKCTYPHI.

HanoxeHre TEeKCTypbl Ha MOBEPXHOCTh IMAHEIH MOXKET OCYIIECTBIISATHCS
M0-Pa3HOMY B 3aBHCHMOCTH OT Ha3HAYCHHBIX PEKMMOB WM YUCIIOBBIX 3HAUYCHHIMA
napaMeTpoB — IlIara, CMEIICHUS U OPUCHTAIUH.
[Ilar ompezesiseT COOTHONMICHUE MEXAy rabapuTaMd PUCYHKA, HAJOXKEH-
HOTO Ha TIaHEeJb, U TadapuTaMu caMOU MaHeJu. 3HAUYCHUS MAaroB 1mo ocsiM X u Y
(aKTUYECKU O3HAYAIOT JIMHEWHBIC pa3Mephbl (pparMeHTa pHCYHKa MpPHU HaJIOXKe-
HUM €T0 Ha MaHeNb U3 IJAaHHOTO MaTepuaa.

3Ha4YCHUE CMEIICHUS MCIIONIB3YyEeTCSl B TOM Cilydae, Korja HeoOX0IuMo,
4TOOBI HAYaJIbHAS TOYKa ()parMeHTa PUCYHKAa TEKCTYPhI HE COBIAJalia C JICBOM
HWKHEW TOYKOHM maHei u. B ciiydae HEHYJEBOTO CMEIIECHUS YacTh (PparMeHTOB
NU300paKCHUS TEKCTYPBI HA TIAaHENIW OyIeT BUAHA HE MOJIHOCTHIO.

Hcnonp30BaHne OPUEHTAIIMU PUCYHKA TEKCTYPHI TA€T BO3MOXKHOCTh pea-
JM30BaTh €ro HAJOXCHUE HA TAHENb MOJ Pa3IMYHBIMHU YIJIaMH OTHOCHTEILHO
CaMOW MaHEJH.

JIOTIOJTHUTEIIBHBIMU OIIIIUSIMH PA0OTHI C TEKCTYPAMHU SIBIISIOTCS

- 3epKabHOCTb, IPU 33JJaHUM KOTOPOH KaKIblii (parMeHT pUCYHKA TCK-
CTYpBI pacrojiaraercss CUMMETPHUYHO COCEeIHEMY (parMeHTy, YTO IO-
3BOJISICT HUBEJIMPOBATH IPAHMIIBI (CTBIKM) MKy HUMH;

- pacTsbKeHHWe, KOTJia HEe3aBHUCHMO OT pa3Mepa MaHeld Ha Hee HaKJIaJlhbl-
BAETCs CAMHCTBCHHBIN ()ParMEHT TEKCTYphI. [IpyruMu ciioBamMH, TaHHAs
OIIIMs O3HAYACT 3aJ]aHUC 3HAUCHHUH MIaroB 1o ocsiM X u Y, paBHBIM CO-
OTBETCTBYIOIIUM pa3MepaM MaHeIH MPU HYJECBOM 3HAYCHUU CMCEIICHUS.

JI7isl TIOBBIIICHUSI CTEMEHU PEATUCTUYHOCTH TPEXMEPHOTO H300pakeHHSI

UCTIOJB3YIOTCS YEThIPE CHEIHAIBHBIX MapamMeTpa, ONMpeICICHHBIX B JUANa30HE
ot 0 1o 100 %:

- TPO3PAaYHOCTh: CTEIICHb MPO3pavyHOCTH, paBHas 0 %, 03HAYaET MOJIHYIO
HEIMpPO3PavyHOCTh, a CTeMeHb mpo3padHocTH, paBHas 100 %, oznaugaer
MOJTHYEO HEBUAMMOCTh OOBEKTOB U3 COOTBETCTBYIOIIETO MaTepHaa;

- 3epKaIbHOCTh — CBOMCTBO MaTepHalia MaHelu OTPakaTh OKPYIKAIOIIUN
MUp: 3epKaTbHOCTh, paBHas 0 %, o3HauaeT, YTO JaHHAS MOBEPXHOCTH
a0COIFOTHO HEe 00JaaeT CBOMCTBOM OTPaXKaTh JIYYH CBETa, a 3ePKallb-
HOCTh, paBHas 100 %, xapakTepusyer uacanbHOE 3epKao;

- PE3KOCTh OJMKa: Moja OJMKOM TOHWUMAETCs sIpKas 00JacTh, KOTOPYIO
BUJUT HAOJIOAATENh, CMOTPSIINNA Ha MOBEPXHOCTh MAHEIH TI0J YTJIOM,
paBHBIM YIJy MajJieHUs Jyda cBeTa. Pe3kocth Onuka, paBHas 0 %, xa-
pakTepu3yeT TOYCUHBIH ONMK (TOYka MajJeHUs Jiyda Ha MOBEPXHOCTH
naHenu), a pe3kocth, paBHas 100 %, «pa3mbiBaeT» OJMK Ha BCIO IO-
BEPXHOCTH;
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- SIPKOCTb OJIMKa: ApKOCTh, paBHas 0 %, o3Hadaer, yTo OIMK HE BUICH, a
spkocTh, paBHas 100 %, o3HavaeT, 4TO MOBEPXHOCTH MOJHOCTHIO OTpa-
’KaeT UCTOYHHK CBeTa B oOnacTu Oivka. JIpyrumMu cioBaMu, IPU MajIbIxX
3HAYCHUSAX SPKOCTH ITOBEPXHOCTh BBITJISJNT IIEPOXOBATOH, a IIpH
OOJIBIIMX 3HAYCHUSX — XOPOIIIO OTIIOJTUPOBAHHOM.

BaxxapIM (akTOpOM NPHUIAHHUS PEATHCTHYHOCTH MOJIEIH, OCOOECHHO TP
MIPOCKTUPOBAHUN MHTEPHEPOB, SBIISICTCSA BO3MOYXHOCThH OIIEPHPOBAHUS UCTOYHU-
KaMH CBETa M, COOTBETCTBEHHO, TCHIMH, OTOpAaChIBACMBIMH MPEAMETAMH C BO3-
MOXHOCTBIO PETYJIHPOBAaHUS CTETIICHW OCBEIICHHOCTH 3aTCHEHHBIX YYacTKOB.
PaccmarpuBaemas mojcucTemMa TpeXMEPHOW BH3yaIu3alliu JO0MYCKaeT yCTaHOB-
Ky MPOU3BOJIBLHOTO KOJIMYECTBA MCTOYHMKOB cBeTa. OHM MOTYT OBITh JABYX TH-
MOB. TOYCYHBIMHU (PaBHOMEPHO CBETSIIMMHM 10 BCEM HAIMPABICHHUSIM) M HAIpaB-
JCHHBIMH (CBETSIIMMH B OJHOM HaIlpaBieHUHN). XapaKTCPUCTUKAMH JTIOOBIX UC-
TOYHUKOB CBETa SBIISIIOTCS MX IIBET, IPKOCTh M JAbHOCTH JeicTBus. Hampas-
JICHHBIE UCTOYHHUKHU UMEIOT TPH JOTOJTHUTCIbHBIC XapaKTePUCTUKH .

- TMPHUBSA3aHHOCTH MCTOYHHMKA, KOTOpPAs OMPEACIISICT XapaKTep U3MCHCHUS

HaITpaBJICHUS MTOTOKA CBETA MPHU MEPEMEIICHUA HCTOUHHUKA;

- pa3Mep KOHyca HaIlpaBJICHHOTO MCTOYHHKA cBeTa (Yrojl MpH BEPIIHHE
KOHYyca);

- ocnabneHue B KOHYCE, KOTOpOE OMpenelsaeT IIaBHOCTh IMepexoja OT
CBETa K TEHH BHYTPH KOHYCa IPH €T0 IOIMAaJaHHH Ha HEMpPO3pauyHYIo
MOBEPXHOCTh. [Ipn MUHHMaIbHOM OCja0JeHUH TPaHUIIA CBETa U TCHU
Ha maHenu (Kpyr, IDIOIIaah KOTOPOIro 3aBHCHUT OT pa3Mepa KoHyca) Oy-
JET YETKO OYCPUCHHOM, a MpHU MaKCHUMaJIbHOM OCIA0JICHUU — Pa3MBbl-
TOH.

[IpuMeHeHE TIePEUYNCICHHBIX BO3MOXKHOCTEH IMOCTPOSHHS TPEXMEPHBIX
M300paXKECHUH K MOJCISAM MEOCIbHBIX HM3JEIUN IMO3BOISICT JOOMTHCS BBICOKOM
CTCTICHH PCATUCTUYHOCTH H300pa)KEHHWM, YTO IO3BOJISET COBMECTHTH IPOCKT-
HBIC OTICpaIluy TU3alHEePCKON MPOpadOTKH, TEOMETPUICCKOTO MOJACITHPOBAHUS 1
KOHCTPYHUPOBAHHS.

1.3.4. IToacucTeMa KOHCTPYKTOPCKO-TEXHOJIOTHIECKOI MOATOTOBKH
NMPOU3BO/JICTBA KOPIYCHOI Melesn

@opMHUpOBaHKWE MAaTEeMaTUYECKON MoJenu Oyayllero MU3Aeiaust SBIsSETCS
WCKJIIOUYUTEIBHO BaXXHBIM, HO HA4YaJIbHBIM A3TariOM NPOECKTUPOBAHHUS U IPOU3-
BOJICTBa MeO€NM, BO MHOTOM OMNPEACISIONIMM CTENEHb aBTOMATU3AI[MU BBITIOJ-
HEHMSI BCEX IMOCIEAYIOINX MPOEKTHBIX omnepauuil. UToroMm KOHCTPYKTOPCKO-
nu3aiiHepckoro atana JKII meOenbHBIX U3IeIUM SABISIETCS KOMIUIEKT HE00XO-
JMMOM TEKCTOBOM M rpadudecKOi KOHCTPYKTOPCKOW HOKyMEHTauu. Tpaauiiu-
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OHHO TPYIOEMKHW M JJIUTEIBHBIM Tpolecc ee (OpMUPOBAHUS B CHUCTEME
«bA3UC» 3ameHsIeTcsl aBTOMAaTUYECKUM TTOJIydeHHEM COOPOYHOIro YepTeKa U3-
nenus, pabouux YepTeken neraner, crenuduKanuii ¥ TabIuIl onepannii Ha U3-
TOTOBJICHUE KaXKIOW naeTanu, Oo(pOPMIIEHHBIX COTJIaCHO TpeOOBaHMIM MACHCT-
BYIOIIIMX CTAaHIAPTOB, C BO3MOXHOCTHIO UX JOPAOOTKH B PYYHOM H TOJyaBTOMA-
TUYECKOM PEXKHME.

O0beM U OCHOBHBIE MpaBWJIa OTOOpakeHHs Tpaduueckoil mHpopmaruu
SBIIAIOTCS THOKO HACTpaWBaeMbIMH TapaMeTpPaMu B 3aBUCHUMOCTU OT YCJIOBHH
KOHKpeTHOro mnpennpusatusa. [Ipu ¢opMupoBaHuM YepTekeil aBTOMATUUYECKH
CTPOSITCA pa3MEpHBIC HETMOYKH JISI BCEX OTBEPCTHH IO KPETeK, UMEIOIIUXCS
Ha KaXJIOW JIeTanu, MpuieM MpHU HAIMYMW Ha OJHOW JeTaau OTBEPCTHH MO pas-
JUYHBIE KPETIS)KHBIC JIEMEHTHI MOTYT CTPOUTHCS KaK OOIINe, TaK U pa3eibHbIe
[EMOYKH.

OO6nuiioBaHHBIE KPOMKH TMaHeNield 0003HAYaroTCsl Ha YepTeKax CIelHallb-
HBIM 3HaKOM, KOTOPBIM COACPKUT YCIOBHYIO MH(pOpMAIUI0 00 0OIUIIOBOYHOM
MaTepHuayie U crmocooe OOIUITOBKH, HAPUMED, C TOAPE3KON Ha TOJIIUHY KPOMKH
uiu 0e3 MoJIPe3KH.

Jro0ast maHenp B MEOEIBbHOM M3JEJIUU UMEET JABE CTOPOHBI — JULIEBYIO U
obpatHymo. [lo ymonmuanuto Ha 4epTeke oHa U300pakaeTcs ¢ JIMIEBOW CTOPOHHI.
OpHako B 3aBHCHUMOCTH OT PACIOJIOKEHUS TIIYyXUX OTBEPCTHH TOJ Kpemex Ha
CTOpPOHAX TMaHeIu aBTOMAaTUYECKH MOXKET (POPMHUPOBATHCS CUMMETPUUYHBIN uep-
TEX WJIM OJHOBPEMEHHO JIBa YepTekKa — OOBIYHBIM 1 CHMME TPUYHBIH.

Jl5ia mocTpoeHusl pa3MEPHBIX ILETOYEK Ha YepTekaX MpelycCMOTPEHO HC-
MOJIb30BaHUE TPEX TUIIOB Pa3MEPOB:

- IEMHBIX Pa3MEPOB, B KOTOPBIX HAYAJIO KAXKJIOTO MOCIEIYIOMIero (KpoMe

MIEPBOI0) pa3Mepa COBMAACT C KOHIIOM MPEbIAYIIETO;

- pa3MepoB ¢ 00IIel pa3MepHOl TUHUEH, UMEIOIINX OHY 001IyIo 6azy u

pacmoyioKEHHBIX HA OJJHOM YPOBHE;

- pa3MepoB OT o0mieil 6a3pl, UMEIONINX OIHY OOIIYI0 0a3y U pacroiio-

KEHHBIX Ha Pa3HBIX YPOBHSX.

[Ipu dopmupoBaHUHE YEPTEIKHO-KOHCTPYKTOPCKOW JTOKYMEHTAIIUU WC-
MOJIb3yeTCsl OOLIMpPHAs TPyIIa HACTPOEK, MO3BOJISIONMIAs MAKCUMAILHO aJanTH-
poBaTh ITOT MpOIECC MO TpeOOBaHUS KOHKpETHOro mpennpusitus. Haubomnee
3HAYUMBIMU U3 HUX SBJISTFOTCS

- croco0 KCTIONh30BaHMS M HATMCAHUS JOIMYCKOB M KBAaJUTETa,

- TOYHOCTbH BBIYMCJICHHS JIMHEHHBIX U YTIOBBIX Pa3MEpOB,;

- BBIOOp BapwaHTa 0a3MpPOBAHHSA C BO3MOXKHOCTHIO TIPOCTAHOBKH pa3Mme-

POB OT JIByX 0a3;
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- MacmTad OTOOpakKeHUs JeTajel, KOTOPBI MOXKET OBITh OOIIHMM s
BCETO KOMIUJICKTA, WJIM aBTOMATHYCSCKH IMOAOUPATHCS IS KaXKJI0M W3
HUX [0 KPUTEPUIO HAMITYYIICH KIUTAaCMOCTH» YEPTEKa,

- COCTaB KOMIUICKTa JOKYMCHTAIUH.

Crnenuukanus sSBISCTCS BaXXHBIM JOKYMEHTOM, COACpKaIIuM HHMOpMa-

M0 O KOJWYECTBEHHOM M KA4YeCTBEHHOM COCTaBE M3JE/IHsS, B TOM YHCIEC U C
TOYKH 3PEHHS HMHTErpanuu oTaciabHbIX 3TamoB ero JXKII. ITo stum mpuumHam
MPEAyCMOTPEHO THOKOE PETYJINPOBAHKUE CTPYKTYPHI, 00beMa U BHUJIa 3aHOCHMOI
B Hee MH(OpMAIMU, a TaK)Ke TPAHCIANMSA CreluUKAIUA B PSAJI CTAHIAPTHBIX
(dhopmMaToOB XpaHEHHUS TaHHBIX.

KomrmiexT qokyMeHTaImu Ha IMpOrU3BOJACTBO MEOSILHOTO aHCAaMOJIS SIBJISI-
€TCsl JOCTATOYHO 00BEMHBIM, ITO3TOMY JUIS €ro XpaHeHus (COBMECTHO ¢ MaTeMa-
THYECKOH MOJIEJIbI0) pa3padoTaHa cCrelualbHas MpoOJEeMHO-OPHEHTHPOBAHHAS
OoubmoTeka.

Jlist mopa®oTKH JT0OBIX aBTOMATHYECKH C(HOPMHUPOBAHHBIX JTOKYMEHTOB
CYIIECTBYET CICIMANBbHBIN OJIOK 0(OpMIICHUS, pPeaanu3yoIuid B aBTOMaTH3UPO-
BaHHOM PEKHME BCE MIPEAYCMOTPECHHBIC CTaHAaPTAMHU OICPAIIHH .

- MPOCTAHOBKA M PEIAKTHPOBAHUE BCEX JOMYCTHUMBIX THIIOB Pa3MEpOB C

ABTOMAaTHYECKUM KOHTPOJIEM UX COOTBETCTBUS CTaHAApTaM,

- (popmupoBaHHE OCHOBHOU HAJIUCH,

- MPOCTAaHOBKA BCEX BO3MOXKHBIX CICIHAIBHBIX 0003Ha4YeHMH (IIEepoxo-
BaTOCTH, JIOMycKa (GOpPM M PacTOJIOKESHHS TTOBEPXHOCTEH U pa3pe30B U
CCUCHUU T.IL.);

- (popmupoBaHUE JIFOOBIX TEKCTOBBIX HAJMHUCEH TEXHUUECKOTO XapakTepa,
B TOM YHCJIC TEXHUYCCKUX TPECOOBAHUMA M TaOJIHII,

- aBTOMAaTHYECKas IITPUXOBKa JIOOBIX 0OJacTe¥ mociie yKa3aHus Orpa-
HUYMBAIOIIETO KOHTYpa.

OmHO# U3 OCHOBHBIX OIEpalii TEXHOJOTHYECKOM IMOATOTOBKH ITPOM3BO/I-

CTBa MEOCIBHBIX M3JICIHUNA SBIISICTCS MOJYyYCHUE KapT PACKPOS TUIMTHBIX M JIHC-
TOBBIX MaTEPHAJIOB HAa MPSAMOYTOJbHBIC 3arOTOBKH, a TAaK)KEe KapT PacKpos IOTo-
HaXHBIX MaTepHajoB. JTa 3ajjaya MMECT JIBa OJWHAKOBO Ba)KHBIX acIeEKTa.
YMEHBIIICHUE HEMPOU3BOJAUTEIBHBIX OTXOJOB MAaTEPHAIOB M OOCCIICUCHHE TEX-
HOJIOTUYHOCTH TIOJTydyaeMbIX KapT. Ecnm mepBas 3amada cumTaeTcs Kiaccude-
CKOHM M MMeEeT COOTBETCTBYIOIIMI MaTeMaTHueckuil ammapar [43, 44], To BTopas
3a/1ada CcTaja aKTyaJdbHOW TIOCIIE IOSBJICHUS BBICOKOIPOU3BOIUTEIBHBIX (op-
MaTHO-PaCKPOCUHBIX CTAHKOB.

CraHKH pa3auyaroTcs MEXAy CcOO00H CIEAYIOIIMMHU TEXHOJOTHYCCKHMHU
rmapaMeTpaMu, BIUSIONIMMH Ha pa3pad0TKy KapT pacKpos:
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KOJIMYECTBOM MHUJIBHBIX arperaTtoB MPOJOJbHOIO M MOIEPEYHOro Ha-
MpaBICHUN NTUJICHUS,

OTPaHUYEHUSIMU B CXE€MaX PACKpOs: pa3MepaMH MaKCUMaJIbHOU U MU-
HUMAJIbHOW IIMPUHBI OTPE3a€MOU MOJOChl, MUHUMAJIBHBIM PACCTOSTHU-
€M MEXIy MOIMEPEYHBIMU U MEXKAY MPOAOJbHBIMU MUJIAMH, HATUUYUEM
00s13aTEIbHBIX CKBO3HBIX MPOJI0OIBHBIX WM MONEPEUYHBIX MPOIUIOB;
MaKCHUMaJIbHBIMU pazMepaMu oO0padbaThiBa€MOI0 MaTepHania,
TOYHOCTBIO PacCKposi;

YHUCTOTOW KPOMKH, ITOJYy4aeMOW NIpY MUJICHUH;

MaKCHUMaJlbHOM BBICOTOM MPOMNMJA, a, CIECAOBATEIBHO, U YACIOM OJHO-
BPEMEHHO pacKpauBaEMBbIX ILIUT;

TOJIIIIMHOW UCTIOJIB3YEMBIX MHJI.

KapTtel packpos, mpencraBisiomme co0oi rpaduueckoe M300pakeHue
pacmoyIoKeHUsT 3arOTOBOK Ha CTaHIAPTHOM (opMaTe MOAISKAIIETO PacKporo
Marepuana, TOMUMO OCHOBHOTO HAa3HAYEHUS B KAYECTBE TEXHOJIOTUUYECKUX HH-
CTPYKLMH JJIsi OIIEpaTOpPOB, COJIEpKAT CBEACHUs, HEOOXOAUMBIE JIJIi aBTOMATHU-
3alliM psAAa pacuyeToB Ha nocaenyromux 3tanax /KII[, Takux kak:

MaTepUATOEMKOCTb U3JEIUs;

MOJIE3HBIN BBIXOJ] MaTepuaia npu packpoe;

MOTpeOHOE KOTUYECTBO MaTepuaia Ajid o0ecredeHus: Mpor3BOACTBA;
TPY/A03aTpaThl HA BHITIOJTHEHUE ONEPAIMil IO PACKPOIO MaTepuaia,
HOPMHUPOBAHHE OTIEPALUH.

Cy1ecTBYIOT TpU CXEMbI PaCKpOs: MPOAOIbHBIN, MONEPEYHBIN U CMEIIaH-
Hbld. [lomepeyHplii U MPOJONBHBIA PACKPOHW BCTPEUYAIOTCS B CAMOCTOSATEIBHOM
BUJIE JOCTATOYHO PEAKO, OOBIYHO MOMEPEUHBIN PACKPOU SABIISIETCS MPOIOKEHHU-
eM mpojojbHOro packpos. B moayne «bA3UC-Packpoit» peannsoBaHa cme-
HIaHHAsA CcXeMa PACKPOs MPSMOJUHEHMHBIMU CKBO3HBIMH pPE3aMH, KOTOpas HC-
MOJIb3YETCS Ha MOAABISIOLIEM OOJBIIMHCTBE BUIOB 000PYIOBAHMUS.

KadecTBO KapT packposi MaTepuajoB OLIEHHMBAETCS MO CIEIYIOIIHM OC-
HOBHBIM TOKAa3aTENSIM

MPOIICHT IOJIC3HOTO BHIXOJa MaTepHuaia, Wik K03 ()PUIIUSHT UCIOIb30-
BaHus Matepuana (KNM);

KOMIUICKTHOCTh TMOJIy9aeMbIX TPU PacKpoe MaHeJIeH B COOTBETCTBUH C
00bEMOM MPOU3BOJICTBA,;

MUHUMAaJIbHAS TPYIOEMKOCTbD MPOIIecca pacKpos.

KM paccuuthiBaeTcsi Kak OTHONIEHUWE CYMMBI IUIOMIAJCH MOJTYYEHHBIX
3aroTOBOK K CyMME IUIOINAAeH MOJIHO()OPMATHBIX JTUCTOB (ILINT):
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B monyne «bBA3UC-Packpoii» npenycMmoTpeHa auddepeHnyanus mnomy-
YaeMbIX OTXOJIOB Ha JIeJIOBbIE OOpPE3KH, KOTOPhIE UMEIOT IOCTATOYHBIE pa3Mephl
MU MOTYT OBITh UCIIOJB30BaHbI MPU MOCHEAYIOIIUX ONEpPALMAX C JAHHBIM MaTe-
puaigoM, U cOOCTBEHHO OTXOJbl, MpeAHa3HaueHHble K yTunuzanuu. Kpurepuit
i depeHIranny 3a1aeTcs MOIb30BaTeNeM, UCXOs U3 KOHKPETHBIX TEXHOJIO-
rudyeckux ycnoBuil. KM paccuuThiBaeTcsi ¢ y4eTOM J€JO0BBIX OOpE3KOB, MH-
dbopmanus 0 KOTOPBIX COXPAHSIETCA B CIEIHAIBHON 0a3e MaHHBIX U MPEIOCTaB-
Jsi€TCsl aBTOMAaTHYECKHU Mepel HaualloM pabOThl C HOBBIM MaTepUATIOM.

Cricok nmeranei, moANEXKAIINX PACKpOI0, COAEPKUT HHPOPMAINIO O HO-
Mepax uX IMO3ULIHUK Ha COOPOYHOM UepTexke, pa3Mepax, KOJUUYECTBE AcTajei
JAHHOUW MO3WLIMHM B W3AEJIHNHU, HAUIMYUHU WU OTCYTCTBUU y HUX HANpPaBI€HHOrO
pUCYHKa M KOJMYECTBE MaHEeJIeH JAaHHOTO pa3Mepa Ha ckiajne. OpraHu3alyoH-
Hou Mepou noseimieHuss KM sBnsiercs mapasnmenpHas OopraHua3anus ABYX IO-
JTOOHBIX CITUCKOB — OCHOBHOTO M JIOMOJHUTENbHOT0. OCHOBHOM CITUCOK COCTOUT
U3 JIeTallei, KOTOPbIE HY>KHO PACKPOUTH B OMPEIEICHHBINA MPOMEXKYTOK BPEMEHU
IS peasM3allvy IUIaHa TPOU3BOJCTBA (TeKymuid o0beM padoT). JJomonHuTeh-
HBI CIIHCOK — 3TO TUIAHUPYEMBIH CIUCOK 3aroTOBOK (YacTh MEPCIEKTUBHOTO
o0beMa paboT). AJIropuT™M padOThl C ABYMS CIIMCKAMH COCTOUT B CIIEAYIOLICM:
MOCJIE PACKPOsI A€TAJIE OCHOBHOTO CITMCKA BBHIMIOJIHAETCS aBTOMAaTHYECKUN pac-
KpoHl JeTajeill JOMOJHUTENbHOTO CIHCKAa HAa OTXOJaX M 00pe3Kax, OCTaBIIMXCS
MOCJIE PACKPOSi OCHOBHOI'O CITHCKA.

[TapameTp KOMIUIEKTHOCTH MaHEJIEH B COOTBETCTBUU C 0OBEMOM IPOU3-
BOJICTBA MPHU MHTErpauuu Moayis packposi B komruiekcHyto CAIIP mebenbHbIX
u3Aeaui He TpeOyeT KOMMUYeCTBEHHOHM olneHku. OH oOecreunBaeTcs aBTOMATHU-
YECKH MpU Nepeaye Mojaesel u3aeanui u3 MOayJisi KOHCTPYUPOBAHUS B MOJYJIb
packpos.

Ha TpynoemMkocTh packposi U, COOTBETCTBEHHO, MOCIEAYIOIIETO poIlecca
OpraHM3allid TEXHOJOTMYECKOIr'o MOTOKAa BJIMSAET COCTaB JETallell B KapTe pac-
kposi. Haubonee oOuumMu siBIAOTCA TpeOOBaHUS MHUHUMAJIBHOTO KOJHWYECTBA
TUIIOPA3MEPOB ACTalell MPU PacKpoe OJHOrO JIUCTA, MOBTOPEHHS OJMHAKOBBIX
JeTajei B pa3HbIX KapTax packpos ¥ MOBOPOTOB IUIUTHI (Iepeda3supoBaHuil).

B monyne «bA3UC-Packpoii» peann3oBaHa MHOTOKpUTEpUAJIbHASL OINTH-
MU3alUs KapT PacKposi ¢ HACTPAWBACMbIM IOJIb30BATENIEM MPUOpUTETOM (TM0-
PSAKOM 3HAYUMOCTH) JCUCTBHUS KpUTEpHeB. B kKauecTBe KPUTEPUEB UCIOIB3Y-
I0TCSI CJIEAYIOIIME MTOKA3aTeIHN:
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- MakcuMmanbHoe 3HaueHue K1M;

- MHHUMaJIbHOE KOJIMYECTBO PE3OB;

- MUHHMMaJIbHas oO0Ias JjIMHA PE30B,;

- ONTHUMAaJbHBIE pa3Mepbl OOPE3KOB C TOUKHU 3PEHUS UX JaJbHEHIIero uc-

MOJIb30BaHUA;

- MHUHUMAaJIbHAs MePEeHACTPONKa 000pYIOBaAHMUS.

TexHOJIOTHYHOCTh KapT PacKposl ONMpeNessieTCsl HATMYUEM OOJIBIIOTO KO-
JUYECTBA BAPbUPYEMBIX MAPAMETPOB, YUYUTHIBAIOIIUX TEXHOJOTHYECKHE OCO-
OCHHOCTH UCIMOJIB3yeMOTo 000opyaoBanusi. K HUM, B HaCTHOCTH, OTHOCSTCS:

- MakcHMaJbHas JJHHA pe3a, KOTopas ONpeNesiaT HalmpaBJIE€HUE MEePBOTO

pe3a: eciii MaKCMMAaJIbHBIM MPOMUJ, KOTOPbIA MOXXHO BBITIOJHUTH Ha
CTaHKEe MEHbIIIE JJIMHBI pacKpauBaeMOro JIUCTA, TO MEPBBIM pe3 00s13a-
TEJIbHO OyJET NONEPEYHBIM,;

- OpHUEHTAaLMs MEPBBIX PE3OB;

- BEJMYMHA OTCTYyNa OT KaXKI0Tr0 Kpas IJIUTHI JJIs1 IEPBOrO MPOIUIIA;

- mmpuHa pe3a (mpornwuia), onpeaessieMast TOJIMUHOMN ITHITBI;

- KpaTHOCTb OKPYTJEHHS pa3MEpOB JeTaliel MpU UMIIOPTE MaTeMaTH4e-

CKOH MOJIEJIH;

- BHUJ pacKposi: YepHOBOM (pacKpoii ¢ MPUITYCKOM) MJIH YUCTOBOM.

JIOTIOMTHUTENBHBIMA BO3MOJKHOCTSIMU SIBIISIFOTCS OTIpe/ielieHne o0beMa |
dbopmbI TipeAcTaBICHUS WHPOPMAIIMKM HA KapTax pacKposi, 3aJjaHue KOJINYECTBA
KOMIUICKTOB pacKpanBaeMoro u3evs (BKJIoUas ero aBTOMaTHUSCKHIA Moa00p B
npezenax BbIOPAaHHOTO MHTEpBajia ¢ TOUKU 3PEHUS 3aJaHHOTO MPUOPUTETA ACii-
CTBHSl KPHTECPUEB ONTHMH3AIMHM) W aBTOMAaTHUYeCKOe (OPMUPOBAHHE OHUPOK,
UIACHTUGUIUPYIOMUX JeTaau W JAelioBble 00pe3ku. IlocienHsss BO3MOXKHOCTH
SABJISIETCA UCKIIOUUTENbHO BaXKHOU ISl 00eCTeYeHUsl IIPOCIICKUBAEMOCTH» JIe-
Tajgei 0cCOOCHHO aJisi MeOENbHBIX MPEANPUATHIM, KOTOPhIE pad0TaOT ¢ OOJIBIION
HOMEHKJIaTypOr M3AEINi WU U3TOTABIMBAIOT MEOEIb MO MHIUBUIYAIbHBIM 3a-
Ka3aM.

®opMHUpOBaHUE KApT PACKpOs MATEPUANIOB SIBJIETCS UTEPALIUOHHBIM MPO-
LIECCOM, CXOJUMOCTh KOTOPOTO 3aBUCUT OT UMEIOLIUXCSA T€OMETPUUYECKUX U BbI-
OpaHHBIX TeXHOJOrMueckux napamerpoB. B monyne «bA3UC-Packpoii» npeny-
CMOTpPEHA BO3MOXHOCTh Nepedopa 3HAUUTENHHOTO KOJIMYECTBA BapUAHTOB pac-
KpOsi MPU BapbUPOBAHUU JONMYCTUMBIX MapaMeTPOB, HAIIPUMEP, yUeTa HAIHYUS
HaIpPaBJICHHOT O PUCYHKA HA HEOTBETCTBEHHBIX MaHENSIX MEOEIbHOTO aHcaMOJIsl.

B cuny Toro, uro uHpopmamus, moaydaemas mpu packpoe IeTaneil me-
OesbHOrO aHcamoOIIsl, akTyajbHa A nociueayroumx 3TanoB XKL npegycmotpen
€€ DKCIOPT B CTaHIApPTHBIE (OPMATHI XpPAaHCHHS TaHHBIX.
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ABTOMaTH3anusi MeOEIbHOTO MPOM3BOJICTBA MPEANOJIAraeT HCIOJb30Ba-
HHUE COBPEMEHHOTr0 CTaHO4YHOro obopyaoBanus ¢ YUIIY. 3HauuTenbHas 4acTh
uHpopmaluu, TpedyemMoil st ero padoThl, COAEPKUTCS B MAaTEMaTHUECKOM MO-
nenu uzaenus. B coctaB cuctembl «<bA3MC» BKIIIOYEH MOy Ib aBTOMATUYECKOM
nepeaadu JaHHBIX O KOHTypax MaHelel CI0XHOW (OopMBI B CUCTEMBI YIpaBiie-
HUA HanOoJjiee pacnpoCTpaHEHHbIX Mojeneil crankoB ¢ UITY u oOpabaTeiBato-
umx HeHTpoB. OH TpeOyeT MUHUMAJIBHOTO YYacTHsl TEXHOJIOra, 3aKJII0Yarolle-
rocst TOJIbKO B COCTABICHUHM HEOOXOIUMOTO CIHUCKA MaHesel, Bbloope Thma 000-
pyZIOBaHUs M 3aJaHUM HECKOJIbKUX YTOUYHSIOIIMX TEXHOJOTHMYECKHX MapaMer-
POB.

MatemaTruyeckoe onmucaHue MeOelbHOro u3nenus, popMupyemoe B mpo-
[[ecce TEOMETPUYECKOTO MOJCIUPOBAHUS, COACPKHUT IOCTaTOYHYIO HH(pOpMa-
LU0 JJIsI BBITIOJIHEHUS psiia YKOHOMHMUYECKHUX PacyeToOB, BKIIIOYAs pacyeT cede-
CTOMMOCTH M LIEHBI MPOEKTUPYEMOTO U3JIe/iusd. MeXxaHu3M COMYTCTBYIOLIUX Ma-
TEpPHAJIOB U OIEpaluid, ampuoOpHO BKIIOYaeMbIil B GOpMUPYEMYIO MOJENb, TO-
3BOJISIET HACTPOUTH AITOPUTM pacueTa CTOMMOCTHBIX MOKa3aTesen ¢ Tpedyemoil
JeTaIu3aluend CTaTer 3aTpaT Mo KaK0W MO3ULIHNH:

- CTOUMOCTbh MAaTE€pPUAJIOB, U3 KOTOPBIX U3rOTABIMBAETCS U3/IEIIHUE,;

- CTOUMOCTH PabOT, HEOOXOAUMBIX JJIs €r0 U3TOTOBJICHHUS;

- HAKJaJHbIE PacXO/bl;

- HQJIOTH W apeHIHBIE TIATEKU;

- amopTtu3auus o00pyA0BaHUS U UHCTPYMEHTA;

- CTOMMOCTb PAaCXOJIHBIX MAaTEPHUAJIOB U SHEPTUH;

- CTOUMOCTb PabOThl JU3ANHEPOB, KOHCTPYKTOPOB, TEXHOJIOTOB, BCIIOMO-

raTeIbHOTO U OOCITYKUBAIOIIETO TIEPCOHANA;

- IUITaHUpyemasi NpUObLIb IPeAIPUSITUS.

JIJ1si aBTOMaTUYECKOTO pacueTra 3KOHOMUYECKHX MOKa3aTeJeld B COOTBET-
CTBHUHM CO 3HAUYCHHSMHU pealbHBIX pacxoaoB mpeanpustus (Moxyns «BA3UC-
CMmeTa») HEOOXOUMO KOPPEKTHO 3alOJTHUTH 0a3y NaHHBIX MaTEpPHAIIOB U OIle-
pauuii, yCTaHOBUTh 3aBUCUMOCTh CTAaT€ll PacXOJ0B OT MapaMeTPOB COCTABHBIX
yacTell MPOEKTUPYEMBIX M3JENIHS U HACTPOUTH MapaMeTphbl BBIXOJIHBIX OKY-
MEHTOB.

HopmupoBaHue omnepanuii Takxke BbIIOJHSAETCS aBTOMAaTUYECKH, UX TPY-
JIOEMKOCTh PACCUMTHIBAETCS HA OCHOBAHHMH MAapaMeTPOB, UMEIOLIUXCS B MaTeMa-
THYecKoil Mojaenu. CTeneHb AeTaIN3alli TEXHOJOTMYECKUX ONepaluii onpese-
JISIETCSL UCXOJIS M3 PealibHO CYIIECTBYIOMIEH TEXHOJIOTHHU: UX MOKHO auddepeH-
LMPOBATh HA MPOCTHIEC ONEPAIMU U MEPEXO/Ibl, UIN UCTI0JIb30BATh YKPYITHEHHBIE
KOMILUIEKCHBIE ONepallii. ITO 3aBUCUT OT CIAEIYIOLIUX YCIOBUM:

- BHUJA MPOMU3BOACTBA (SAUHUYHOE HIIA CEPUITHOE);
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- Buga o0opynoBaHHs (PyYHOW HMHCTPYMEHT, YHHUBEpCAJIbHOE 000PYI0-
BaHWE WIA aBTOMATH3UPOBAHHBIC JINHUN);

- JKEJIaeMOro ypOBHS JeTaju3aluu pacuera Tpyao3aTpar.

JIOMOTHUTENBHON ONUMEN MpHU BBIMOJIHEHUH SKOHOMUYECKUX PacyeTOB
SABJISIETCS BO3MOXHOCTh OOBEUHITh MAaTePUAJIbl, KOMILUICKTYIOIINE U ONEepaIuu
B KJIacChl. DTO MO3BOJIsET (POPMUPOBATh BBIXOJAHBIC JOKYMEHTHI B TpeOyemMoM
BUJIE€ U TUOKO YUUTHIBaTh BCE PAacXOJbl, COCTABJsAA MaTEMAaTHYECKHE 3aBUCHUMO-
CTH C Y4E€TOM Da3JUYHBIX BECOBBIX KOA(DPHUIIMEHTOB ISl SJIEMEHTOB Pa3HBIX
KJIAaCCOB, a TaK)K€ aHAIM3UPOBATH U TUIAHUPOBATH MPOU3BOJCTBEHHBIN MPOILIECC.

[TonHBIN COMCOK MAaTEpPUATOB U KOMIUIEKTYIOIIMX MPOEKTUPYEMOTO U3/ie-
TS, MOJTy4aeMbIi MPU pacyeTe CTOMMOCTH, SIBJISIETCS OCHOBOM JUIsl aBTOMaTHYe-
cKkoro (popMupoBaHUs 3asBKHM Ha KOMIUICKTAIMIO, MepeJaBaeMoi HEMOCPEeCT-
BEHHO B CHCTEMYy aBTOMAaTH3alUU CKJIajackoro ydera (Moayns «BA3UC-
Ckiam»).

Jns wnterpauun moxayis «bA3UC-Cmeta» ¢ aBTOMAaTU3MPOBAHHBIMU
cuctemamu ympapienus npegnpustaeM (ACYII) mpeaycMoTpeH 3KCIOpPT pe-
3yJIbTaTOB €Tr0 PabOThI B CTaHAAPTHHIE (hOpMaThl OOMEHA JTaHHBIMHU.

1.3.5. ABTomMaTHu3anus NpueMa 3aKa30B HA KOPMYCHYI0 MeOeb

Peanuzanus MeOeNbHBIX M3ACIHUN SIBISETCS 3aBEPIIAIONIUM 3TAlOM MpPO-
€KTHO-TEXHOJIOTUYECKOI0 y4JacTKa WX YXU3HEHHOro nukia. Ha Hem pemarorcs
CJIEIYIOLLME 3a/1auu:

- (opMupoBaHHE SIEKTPOHHBIX KAaTaJIOTOB BCE HOMEHKJIATYphl BBHITYyC-

KaeMBbIX U3JIeINl,

- MOJIEJIMPOBAHKNE UHTEPHEPOB MOMEICHUN 3aKa3UUKOB,;

- paccTaHOBKa BBIOpaHHBIX M3AENUI B BUPTYyaJIbHOM MOMEUIEHUU C BO3-
MOKHOCTBIO BapHalMM IBETO-(aKTYpPHBIX pelieHui, QypHUTYpHI, -
KOpPaTUBHBIX 3JIEMEHTOB U T.1.;

- MOJYy4YeHUE TOYHOM CTOMMOCTH PEUICHUS B ONEPATUBHOM pEXHUME Ha
M000M dTare B3auMOJICUCTBUS C 3aKa3UYUKOM;

- (opmupoBaHHE MOTHOTO KOMIUIEKTa TOKYMEHTOB JJIsl 0(hopMIICHUS T10-
TOBOPHBIX OTHOILIEHUH € 3aKa34MKOM M JAJIbHEHIIEero IBUKEHUS 3aKa3a
C BO3MOKHOCTBIO OTCIJIC)KMBAHHS €T0 MPOXOXKICHUS OT MOMEHTA MOJ-
MUACAHUSl JOTOBOpa JO MOMEHTa OTIPY3KH H3JEIUNA U ONEPaTUBHOTO
MOJIY4eHUST HE0OXOIMMOM TeKyIIeil nHpopMaIi.

B cucreme «bA3UC» 3t dyHkiuu peanuszoBansl B Moayine «bA3UC-

Cajion», KOTOpPBIi CTPYKTYPHO COCTOUT U3 TPeX YacTel (Tak Ha3bIBaCMBIX IPO-
rpaMM-MEHEKEPOB):
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- MEHEJKEpP AJIEKTPOHHBIX KaTaJIOroB, MO KOTOPHIM BIOCIEICTBUU OyIeT
MPOU3BOAUTHCA MPEACTABICHUE U pealii3alus NPOyKIHUH,;

- MEHeJKEep MpueMa 3akasa, NpeAHa3HAuYCHHbIN ISl KOMIUIEKTAlU, KOM-
MOHOBKM W BU3YyallM3allMM 3aKa3a, a Takke s opopMieHuss HeoOxo-
TUMBIX JOKYMEHTOB,

- MeHeKep 0o0pabOTKH 3aKa3za, CIyXKalluk IS TPAHCISALHUU TPUHITOTO

3aKa3a B MPOU3BOJACTBEHHOE 3a/IaHHE.

DONEKTPOHHBINA KAaTaJIOT U3JETUN peACTaBIsAeT co00i 0a3y AaHHBIX, B KO-
TOPOM XpaHATCA MaTeMaTUUYECKUE MOAEIH U3JETIUM, CO3JaHHbIE B MOAYJISAX T'€0-
METPUUYECKOro MoaenupoBaHusi. OHa UMEET pa3BUThIE CPEACTBA AAMUHUCTPUPO-
BaHUsI, BKIIFOYAs ammapar 3ailyThl OT HECAHKIIMOHUPOBAHHBIX ACHCTBUHN, peanu-
30BaHHBIN Yepe3 MEXaHU3M pa3lesieHUsl MpaB JO0CTyIa, a TaKXkKEe U HUHAUBUIY-
ANBHBIX UACHTUPUKATOPOB U Taposieid. [lomuMo mMoseneit u3aenuii B 3J€KTPOH-
HBI KaTajor BKJIOYAIOTCS BapUaHTHBIE DJIEMEHTHI. MaTepuajbl, (QypHUTYDA,
KOMITJIEKTYIOIINE U T.1.

JI71st moBbIIIeHUs] THOKOCTU pabOThl MOYJSl MPEAYCMOTPEHO TPH crocoda
B3aMMO/JICHCTBHUSA C MOKYTATEIEM

- BBIOOp HYXXHBIX M3/EJIMM HEMOCPEJACTBEHHO U3 Kartajora 0e3 Mojeiu-

pOBaHUS UHTEPhEPA,

- paccTaHOBKHM MeOeIu B BUPTyAIbHOM ITOMEIICHHH;

- KOMOWHaIHs MIEPBBIX ABYX CIIOCOOOB.

3aka3, chopmupoBanHbii B Momayine «bA3WC-CanoH», MOJHOCTBIO CO-
BMECTHM CO CTPYKTypoil mHpopmanuu B cuctreme «bA3UC», mosTomy MOXeET
ObITh TIEpeJaH Ha COOTBETCTBYIOIIMI KOHCTPYKTOPCKO-TEXHOJIOTUYECKUN 3Tam
XKL 6e3 kakux-m00 J0padOTOK U MOIU (PUKAITHA.

1.3.6. Orpanuyenusi TPaAMINOHHON NMapagurmMsl npoekTupoBanusa CAIIP

Ocnognbie nenu BHeapeHus: CAIIP Ha MeOenbHBIX PEANPHUATHSIX B YCIIO-

BUSAX KOHKYPEHTHOTO PhIHKAa — 3HAYMTEIBHOE COKpAIICHHWE CPOKOB peaTu3alluu

MPOEKTOB, CHIDKEHHE CEOECTOMMOCTH W3ACIUA W MHUHUMH3AIUS KOJIMYECTBA

CyOBEKTUBHBIX OMUOOK — MPH UCIOIB30BAHUHU TPATUIIMOHHOW T€OMETPUIECKOM

MapajurMbl JOCTUTAIOTCS JIUIIb YaCTUYHO. [[pUYMHBI 9TOTO 3aKII0Yal0TCs B Clie-
AYIOLIEM:

- TEOMETPHUUYECKH OPHUEHTHUPOBAHHBIC MOJCIH W3IETUN HEe COoAepKaT Ta-

KHX BaXKHBIX KOMIIOHEHTOB pean3aiuy MpoeKTHIX oneparuit XK1, kak

KOHCTPYKTUBHO-CTPYKTYPHOE MpeAcTaBiIeHHEe MeOeIbHOro ancamMois,

KOHCTPYKTOPCKO-TEXHOJIOTHYECKHE TpeOOBaHMS W OTpaHUYCHHUS, pac-
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4eT HaNpsHKEHHO-Ie(POPMUPOBAHHBIX COCTOSHHM, KOHTPOJh KadecT-
BEHHBIX TOKa3aTeJe;

- JIETEPMHHUPOBAHHOCTh T'€OMETPUUYECKHX MOJEINIEH, CIEICTBUEM KOTO-
pOH SIBIIAETCS CIOXKHOCTh BHECEHUSI KOHCTPYKTUBHO-TEXHOJOTHYECKUX
W3MEHEHHU B MPOEKT;

- ModTanHas pa3gpoOJEHHOCTh E€IMHOr0 Mpolecca KOHIENTYalbHOTO
MMPOEKTUPOBAHUS, KOHCTPYUPOBAHHUS, TEXHOJIOTUYECKON MOATOTOBKU U
MPOU3BOACTBA MEeOETHHBIX aHCaMOJIel, MPUYNHA KOTOPOU B OTCYTCTBHH
€IMHOW MaTEeMaTUYECKOW MOJENH, YAOBJIETBOPSIOUIEH COBOKYITHOMY
MHO>KECTBY TpeOOBAHUI BCEX ATAMOB,;

- (baxTHyeckoe pazneneHue u 000coOIECHUE MPOIIECCOB TEOMETPUUECKOTO
MOJCIUPOBAHUSA U (POPMUPOBAHUA KOHCTPYKTOPCKO-TEXHOIOTHUECKOM
JOKYMEHTAIMU BCJIEACTBUE OTCYTCTBUS ACCOLMATUBHBIX CBA3EU MEXKIY
HUMH;

- HEOOXOAMMOCTH BEICHHS Pa3HOPOHBIX 0a3 JTaHHBIX, (OPMATBHO OTHO-
CSIINUXCSI K OJHOM M TOM K€ MaTeMAaTUYECKON MOJEIIH, UTO HEU3OEIKHO
BeJIET K IyONupoBaHUIO WH(OpPMAIMU, OTCYTCTBUIO CUHXPOHU3AIUU H
BO3MOKHOM MOTEPHU YaCTH JAHHBIX.

Takum 00pa3om, 3aj1aya HAYYHO-TEOPETUUECKOMN pa3pabOTKU HOBOW Mapa-
murmel ipoektupoBaHus CAIIP, opueHTUpOBaHHOW HAa MCMOJB30BAaHHUE B M03a-
Ka3HOM INPOMBIIUIEHHOM ITPOU3BOJICTBE U OCHOBAHHOM HA MPUHLMIIAX MCIOJb-
30BaHUs eauHON Matemartmueckoil monenu (CALS-TexHomorus, napauieibHast
WH)KCHEPUS) U €€ NMPAKTHUECKAas Pealin3alysi CTAHOBUTCS OCOOCHHO aKTyalbHOM
Ha COBPEMEHHOM CTaauu pa3BUTHS MeOETbHOW MPOMBINUIEHHOCTU. UHTerpanus
KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX M NMPOU3BOACTBEHHBIX 3TanoB KL Ha ocHo-
BE€ CTPYKTYPHO-aTPUOYTUBHOW MOJEIU TO3BOJUT pPEaM30BaTh TEXHOJIOTHUIO
JBYHAIIPABIICHHOW aCCOLUMATUBHOCTH B PEAJIM3allMU BCEX MPOEKTHBIX ONEpalui
C MeOeJIbHBIMU aHCAaMOJISIMHM, YTO TMO3BOJIUT B MOJHON MEpe MCIOJIb30BaTh IO-
TEHI[MAJl aBTOMATU3UPOBAHHBIX CUCTEM HOBOTO MOKOJIEHHS.
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TJIABA 2
HOBASI IAPAJIUTMA IPOEKTUPOBAHUS CAIIP
CJIOKHOM KOPIIYCHOM MEBEJIM JJIS1
UCNOJIb30BAHUS B YCJIOBUSIX MO3AKA3ZHOIO
MPOMBILIJIEHHOI'O ITPOU3BOJICTBA

Kak wu3BecTHO, CymIeCTBYET OIpeJeieHHOE MPOTUBOPEUYHE MEXIYy Me-
OCJIBHBIM TIPEANPUATUEM U KOHKPETHBIMU MOTPEOUTENIMU €ro mpoaykiuu. OHO
COCTOHT B TOM, YTO MPOMU3BOIUTEIIb MEOSTIN CTPEMHUTCS BBITYCKAaTh YHUDHUITUPO-
BaHHYIO MPOIYKIHIO, 3()(PEKTHBHO HCIOJIB3Ys UMCIOIIUECS Y HEro OINpeacIcH-
HbI€ TEXHOJIOTUM, T.C. YCIOBHS, CIIOCOOBI U CPEACTBa IMPOM3BOJCTBA, a MOYTH
KakJasi CeMbsl — IPUOOPECTH pa3HOOOpa3HYIO MeOenb, /Il TOro YTOOBI MpeBpa-
TUTh CBOIO THUIIOBYIO KBapTHUPY B yJA00HYIO, KPACUBYIO U OPUTHMHAIBHYIO Cpeay
oOuTaHUs.

[To3aka3HOEe MPOMBIIIIEHHOE TTPOU3BOJICTBO KOPITYCHOM MeOeIr O3B0 -
€T €CJIM HE JUKBUAUPOBATH, TO CYIIECTBEHHO CMSTUYHUTH 3TO IPOTHUBOpPEUHE,
npejsarasi moTpeouTeIIM OOUIMPHYI0 HOMEHKIIATYPY TUIIOB U3JIEIUM, IIUPOKUMA
BBIOOP OOJUIIOBOYHBIX MaTepHAIOB, KOMIJIEKTYIOIMX U akceccyapoB. B orpa-
HUYECHHBIE CPOKHU MOJTOTOBUTH HECKOJIBKO JECATKOB M TeM 00jiee COTeH MPOeK-
TOB MEOEJBHBIX M3JEIUM M CKOHCTPYUPOBATH HAa MX OCHOBE MeOE€JIbHBIEC aH-
caMOJiM, YJIOBJICTBOPSIOIIME CaMbIM B3bICKATEJIbHBIM BKycaM MOKymaTejeu, —
HEBO3MOXHO 0¢3 3(p(heKTUBHOTO HCITOIb30BaHms coBpeMeHHBIX CAIIP.

[Ipu paspadotke cnenmanuzupoBaHHbix CAIIP mebenu, 6azupyromuxcs
Ha YHUBEPCAJIbHBIX Ipa)MUCCKUX CHCTEMAaX M MpeaHAa3HAYCHHBIX IS HCIIOJIB30-
BaHUS B YCJIOBUIX MO3aKa3HOTO MPOU3BOJICTBA, HEOOXOAMMO YUUTHIBATH:

- 0COOEHHOCTH TPOEKTUPOBAHUA MEOENbHBIX H3ACIUNA KaK HHKEHEPHO-

XYyJ0KECTBEHHBIX 00BEKTOB;

- 0COOEHHOCTH I03aKa3HOTO MPOU3BOJCTBA KaK MEPCIHEKTUBHOIO CIOCO-

0a U3roTOBJICHUS MEOEIU B MPOMBIIIUIEHHOM MaciiTaoe;

- Bo3MOHOCTh uHTerpanuu CAIIP ¢ aBTOMaTU3MpOBAHHOW CHCTEMOMU

yIpaBJIEHUS TIPEANPUATUEM.

2.1. Ilo3aka3Hoe MPOMBINIJIEHHOE MPOM3BOJICTBO KOPIMYCHOMH Mebdeu

B coBpeMeHHBIX YKOHOMHUYECKHUX YCIOBHUSIX IUIATEKECTIOCOOHBIN CIIPOC Ha
Mmebens B Poccun HEBBICOK U, KaK OTMEUAJOCh paHee, OLEHUBAETCS MpUOIH3H-
tenbHO B 1,5 mupa monn. CIHA (Torma kak OTJIOXKEHHBIA CIPOC, T.€. peajbHas
NOTPEOHOCTh B MeOEINIH, COCTaBJIIeT OKoJIO 5,5 mupa momn.). Huskuii motpedu-
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TEIBCKUN CIPOC BBIHYXJAE€T OTECYECTBEHHBIE MeOEIbHbIE MPEAnpUATHs B OyK-
BAJIbHOM CMBICJIE OOPOTHCS 3a KaKAOro IJIaTEXKECIOCOOHOT0 MOKyNaTess, 4To-
Obl 00ecrneunTh COBIT CBOEH MPOAYKIHUHU. B HEOMAronpuaTHBIX 3KOHOMUYECKUX
YCJIOBUSAX OJUH M3 BO3MOXHBIX NMyTEH BBDKUBAHUS IS OTEYECTBEHHBIX Me-
OEJIbIIIMKOB 3aKJII0YAETCS B OTKa3€ OT TPAAUIMOHHOTO CEPUITHOTO MPOU3BOJICTBA
Me0enu U mepexo/ie K M03aKka3HOMY MPOMBIIUIEHHOMY MPOU3BOACTBY, KOTOPOE
MO3BOJIAET 00ECTIEYUTh B 3HAUUTEIbHOW MEpPE rapaHTUPOBAHHBIN COBIT TPOU3BE-
JNEHHOW MPOAYKIIHH.

be3ycioBHO, cepuiiHOE NPOU3BOJCTBO, MO CPABHEHHUIO C I03aKa3HBIM,
UMEET psAJl MPEUMYIIECTB, IIaBHBIM 00pa3oM, sl npousBoauTens. OnHako na-
e MpH 01aronpuaTHON CUTYyalluy Ha PbIHKE MPOU3BOJUTENIN CEPUINHON Mebenn
BBIHYKJI€HbI HECTH OUIYTHUMBbIE U3IEPKKH, CBA3AHHBIE C HEOOXOJIMMOCTBIO «3a-
MOpPaXKMBAHMS» 3HAUYUTENBHON JOJIM KamuTalla B BUJE 3amaca MaTepuaioB M
KOMIUICKTYIOIIMX, HEMaJIbIX 3aTpaT Ha TPAHCIOPT M COJAEpKaHHE OOLIMPHBIX
CKJIQJICKUX TUIOMIAACH JUIs MaTepuajoB, monydadpukaToB (meTaneil) U TOTOBOM
npoaykuuu. M, koHeuHo xe, HauboJiee cepbe3HbI HEIOCTATOK CEPUIHOrO MpPO-
M3BOJICTBA - OTPAaHUYEHHOCTh MpeJiaraeéMbIX BapHaHTOB MeOenu. B ycioBusx
PBIHOYHOUW DKOHOMUKHU TEPEUUCICHHBIE ()aKTOPBI YaCcTO SBISIOTCS OMPEICIISIO-
UMMHU TPU OPUHATHH PEIICHUS O MEpPeXoje K M03aKa3HOMY U3TOTOBJIICHUIO Me-
oenu.

[IpuemnembiM criocoOoM mepexofa K IM03aKa3HOMY MPOU3BOACTBY s
MPEINPUATUN, OCYIIECTBISIOMMX TPAJIUIIMOHHBIN CEPUUHBIN BBIITYCK MeOeH,
ABJISIETCA peanu3anus CIeayIollel NBYXCTylneH4YaTol cxembl. BHavane ocyie-
CTBJISIETCSI TEXHUUYECKOE MEPEBOOPYKEHUE MPEANPUATUS C 1ETbI0 OpTraHU3alHNU
Ha HEM TMOKOro MeOeNbHOTO MPOU3BOACTBA, OPUECHTUPOBAHHOTO HA BBIMYCK CE-
puitHOW mpoxaykuuu [45]. 3aTem, mocie HAKOIUICHUS ONPEACICHHOTO OMbITa U
HEOOXOAMMBIX (MHAHCOBBIX PECYPCOB, BBITIONHICTCS PEUHKUHUPUHT OU3HEC-
MPOLIECCOB M MOJIepHU3AIHS HHPOPMAITMOHHON MH(PACTPYKTYpHI IPEANPHUATHS,
YTOOBI MPUBECTU €€ B COOTBETCTBHE C TPEOOBAHUSMH MO3aKAa3HOTO MPOMBIII-
JIEHHOTO MPOU3BO/ICTBA.

2.1.1. Pa3HOBHJIHOCTH OPraHU3aIMH M03aKA3HOT0 MPOU3BOACTBA Medeu

B 3anaanoit EBpomne, B ominmuue ot Poccun, OOJBIIMHCTBO MEOEIbHBIX
MPEINPUATUN OPUEHTHPOBAHO HA pabOTy MO MHAMBUAYAJIBHBIM 3aKa3aM KJIMEH-
ToB [46]. [To cepuiiHOl cxemMe Tam pabOTalOT JIUIIb KPYIHBIE MPOU3BOIUTEIIH
HeJIoporoi pa30opHON MeOesu, KOTopash peaiu3yeTcsl Yepe3 CreluaIbHY TOp-
roByto ceth (Hampumep, kommanuu |KEA, Porta m mekoropsie apyrue). Ilpu
3TOM pa3ju4aloT JBE PAa3HOBUJHOCTH I103aKa3HOTO Mpou3BojacTBa. OaHa u3
HUX, MPAKTUYECKU HE OTPAaHWYHUBAIOIIAs BApPUAHTHI UCIIOJTHEHUS MEOeu, Mpe-
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oJiaraeT HaJM4YHe TOJbKO CKJIaJa MaTepuajaoB (CKiIaabl IPOMEKYTOYHOIO Xpa-
HEHHUS M TOTOBOW MPOAYKIMU OTCYTCTBYIOT), IIPH 3TOM BCe MeOeNbHbIC ICTalH
M3rOTABJIMBAIOTCS HA MPEINPHUATHH B COOTBETCTBHHU C IOJIYYEHHBIM KOHKPET-
HBIM 3aKa3oM. Takum o0pa3om, HeOObIHe (TaK Ha3bIBaeMbIe CEMEHHBIC) MPe/-
IPHUATUS MOTYT CYIIECTBEHHO CHHU3MTh CBOM HEMPOU3BOJCTBEHHBIE M3IACPIKKH H
JOJII0 CBsA3aHHOTO KamuTana. OueBUIHbIE HEJOCTATKN JaHHON Pa3HOBUIHOCTH -
CPaBHHUTEJIBHO CJIOKHBIC MPOU3BOICTBECHHBIE MPOIIECCHI M UTMTCIBHBIA CPOK H3-
rOTOBJICHUS 3aKa3a, cocTaBissromuid oT 30 1o 90 cyTok.

B 10 ke Bpems Ha OOJNBIIMHCTBE 3alagHbIX MPEINPHUATHNA HCIIOIb3YeTCs
Apyras pa3sHOBUIHOCTh M03aKa3HOTO IPOM3BOJICTBA, B KOTOPOW IBITAIOTCSA CO-
BMECTHTD IOJIOKUTEIbHBIE CTOPOHBI HHIUBUIYAIBHOrO (€IMHUYHOTO) U CepHUii-
HOTO TMPOHM3BOJACTBA. KpaTko ee CyTh 3aKiaioyaeTcs B CIEAYIOIIEM. Hauboee
BOCTpeOOBaHHbBIC JETAId M KOMIUICKTYIOIIHE IS MEOCIbHBIX M3CIHH BBIMYC-
KaIOTCSl CEPUIMHO U XPAHATCSA Ha IMPOMEKYTOYHOM CKIIaze, a crueruduaeckue ae-
TaJM ¥, BO3MOKHO, OTJICIbHbIC U3ICIHs, 00eCIICUNBAIOIINE MHOIOBAPHAHTHOCTh
(BapnabenpbHOCTh) HPOAYKIHMHA M COCTABJISIIOIINE OTHOCHTEIHHO HEOOJBIIYIO
4acTh OOIICH MPOU3BOACTBEHHOMN MPOrPaMMBbI, - IOJ KOHKPETHBIEC 3aKa3bl.

[lepBbIMHU Ccpeu POCCHMCKUX MEOEIbHBIX IMPEANPUITHH, IepeIleauX K
MIPOU3BOJACTBY IO MHIWBHAyalIbHBIM 3aKa3aM, ObLIN (paOpHUKH IO BBITYCKY KY-
XOHHOM MeOenu. Psag u3 Hux yxe co BTopoit monoBuHbl 1990-X TT. M3roTaBiIu-
BaIOT MeOeJIb MPEUMYIIIECTBEHHO IO 3aKa3aM motpeburenei (puc. 2.1).

8

O0beMm BoITycKa (%)
3

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003

O Cepuiinan | 97,7 | 945 928 | 91,2 | 898 | 845 | 728 | 462 | 272 | 108 | 49 | 24 | 1,8 | 06
W Wnp.3akaz | 23 | 55 | 72 | 88 | 102 | 155 | 272 | 538 | 728 | 89,2 | 951 | 97,6 | 98,2 | 99,4

Toabl

Puc.2.1. /lunamuka usmenenus 00vemo6 bINYCKa CEPUILHOU U 3AKA3HOU
Kyxounoit meoenu ¢ 0AO «I'paghckoe» (n. Kpacnonecnwtit, 2. Boponeoic)
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AHanu3 mpUYMH, TPUBOIAIIMX K MOJAOOHBIM HEXENATEIbHBIM Pe3yJbTa-
TaM, MOKa3al MX OOBEKTUBHYI0 M CYOBEKTHBHYIO mpuponay. Tak, Hampumep,
CHUKEHHE MPOU3BOJUTEIIBHOCTH TPYyJa Ha OTHAEJbHBIX y4acTKaX OOYCIOBJIEHO
YCIOKHEHUEM CTPYKTYPhI TEXHOJIOTMYECKUX OIEpalnii, YTO MPUBOJUT K YBEIHU-
YEHUI0 OOIIel MpOIOHKUTEILHOCTA MPOU3BOJACTBEHHOIO LMKIA. boiee ciox-
HBbI TEXHOJOTMYECKUM MapLIpyT U BO3MOKHAs €ro BapuaOelbHOCTh, B CBOIO
ouepeab, NPEeJONPENECICHbl W3MEHEHHEM JU3aiHA W IIOBBIIMIEHUEM YPOBHS
CJIO)KHOCTH KOHCTPYKIIMU TPOSKTUPYEMBIX MEOCTbHBIX U3Jenuid (MPUMEHEHUE
THYTBIX, (PUJICHYATHIX, PEIICTYAThIX, GUTYPHBIX U IPYTUX TUIOB (acamoB), BHE-
JPEHUEM HOBBIX TEXHOJOTHM JJIsI MPOU3BOACTBA CTOJIENIHULL, B TOM YHUCIIE C UC-
MOJB30BAHUEM KOMIIO3UTHBIX MaTepHaioB. HakoHen, W3MeHEeHHE au3aliHa U
KOHCTPYKIIUU HU3JIENUNA - 3TO CIEJACTBHE MOCTOSHHO MOBBIIAIOIIMXCS TpeOOBa-
HUN TOTPEOUTENHCKOTO PBIHKA, YIOBICTBOPEHHE KOTOPBIX SIBISETCS 3aJI0TOM
YCHEUHOW padOThl MPENPUITHS.

B 3TuX yclOBUSIX MpeanpusTUE BBIHYXIEHO MCKATh MYTH ONTUMHU3AIUU
CBOMX OpPraHM3allMOHHBIX W MPOU3BOJACTBEHHO-TEXHOJOTHYECKUX cxeM. B uact-
HOCTH, ObLJIa BbIOpaHA yKa3aHHas BBIIIE BTOpas «3amagHOEBpPOINEHCKas» pa3HO-
BUJHOCTh OPraHU3alllM MPOU3BOJACTBA, KOT/AA IMOJ KOHKPETHBIM 3aKa3 M3rOTaB-
JTUBAIOTCS (hacaHbIC DIIEMEHTHI MEOCIbHBIX U3ICINK (IBEPIIbI, HAKITAIKH SIIH-
KOB, (pacajHbIc MaHEIH W T.II.), CTOJICIIHUIIBI, KAPHU3bI U HACTCHHBIC MaHEH,
XapaKTepHU3yIoUMecss pasHooOpa3ueM KOH(Urypamuii, pa3MepoB U PaclBETOK.
bonbmMHCTBO k€ neTaned KOpImycoB M3AEINNM 3arOTaBIMBAIOTCSA BIPOK M CKJIA-
JIUPYIOTCS B YIOOHOM JUTsl JOCTYNAa ¥ TPAHCIIOPTHPOBKH MecTe (Hampumep, Ha
MEKIIEXOBOM HJIU TIPOMEXYTOYHOM CKiaze). [Ipy 3ToM KOJUYECTBO BapUAHTOB
pacUBETKH OOJMIIOBKH JUISl TAKUX JIeTalled OOBIYHO OTPaHUYEHO, JIETKO IMOJJ1a-
€TCsI AaHAJIM3Yy U MMPOTHO3UPOBAHUIO.

Takum 00pa3oM, U3rOTOBIECHUE AETaell KOPIMYCOB M3AECIHI MOXKET ObITh
OpPraHu30BaHO MO TPAAULIHOHHON CEPUUHOMN WIIM MEIKOCEPUMHOU CXEeME, Xapak-
Tepusyrouiencs 0ojee pallMOHAIbHBIM TJIAHOM 3arpy3Kd OOOpYJIOBaHHS C MU-
HHAMaJbHBIM YHUCJIOM ONEpaunuil 1mo ero nepeHamaake. Kpome Toro, 3ta cxema
o0ecrneunBaeT MOATOTOBKY ONTHMAJIBHBIX (M0 KPUTEPUI0O MUHUMYMa OTXOJIOB)
KapT packpos auctoBeix Matepuanos (ACtII, MAD, ABII, ABCII u npyrux),
YTO BaXKHO, YUYUTHIBASI BICOKYIO0 MAaTEPUATIOEMKOCTh MEOEIBHOT O MTPOU3BOICTBA.

[TogoOnas ruOpuaHas opraHu3alus MeOENIbHOTO MPOU3BOJCTBA B NaJb-
HeleM OyneT Ha3bIBaThCs MO3aKa3HbIM MPOMBIIIJIEHHBIM MPOU3BOACTBOM. B
OTJIMYHE OT TPAAULMOHHOIO CEPUIHOTO M MAacCOBOTO BbITycka MeOenu, mo3a-
Ka3HOE MPOU3BOACTBO UMEET PsAJ OCOOEHHOCTEH, ONMUCAaHHBIX HUXE.
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2.1.2. Oco0eHHOCTH TMO03aKa3HOT0 MPOMBINLJIEHHOT0 NPOU3BOACTBA

Meo0e

O4eBUIHO, UYTO B YCIOBHSIX JOCTATOYHO HACHIIIEHHOTO PBIHKA IS YC-
MEHON peanu3aiuu COBITOBOM MPOrpaMMbl MPOMBIIUIEHHOE MPEANpUITHE
JOJDKHO BBIMYCKaTh MPOAYKIMIO, KOTOpAss, KAK MUHHUMYM, UMEET OJIHO U3 Clie-
OYIOIMX KOHKYPEHTHBIX MPEUMYIIECTB:

0oJiee BBICOKOE KA4yeCTBO, Ye€M MPOIYKIHS KOHKypeHTOB (Mpu OauMHAa-
KOBOM YPOBHE IICH Ha Hee);

0oJiee HU3KYIO LIEHY, YeM MPOAYKIUS KOHKYPEHTOB (IIPU OJIMHAKOBOM
YpOBHE KaueCTBa);

0oJyiee MIMPOKYID HOMEHKJIATYPY, YeM MPOAYKIUSA KOHKYpeHTOB (mpu
OJTMHAKOBBIX YPOBHSIX IICHBI M KAYECTRA).

KpomMe Toro, BaXHbIM MPEUMYILIECTBOM SIBIISECTCS HAJIMYKME Yy MPEANpH-
ATHSI BOBMOXXHOCTEH Il U3TOTOBJICHUSI U MOCTaBKU MPOAYKIMUH MOTPEOUTENSIM
B 00Jiee KOPOTKUE CPOKH, YEM ITO MOTYT ClIeJIaTh KOHKYPEHTHI.

[Ipu mo3aka3HOM MeOEIbHOM MPOU3BOJICTBE MEPEUHCICHHBIE BBIIIE YCIIO-
BUS UMEIOT CJIEAYIONKe criennpuieckue 0COOCHHOCTH:

MOBBINIICHHBIC TPEOOBAHUS K KAa4YeCTBY MPOJIYKIIUHU, MOCKOJIBKY Yy KaX-
JI0TO 3aKa3a MMEETCS KOHKPETHBIM «aapecar» - 3aKa3yuK, WIM KIMEHT,
KOTOPBIH JHOOBIC OIMMOKKA MPOSKTHPOBAHUS M MPOU3BOIACTBCHHBIC JIC-
(EKThI 4aCTO BOCIPUHUMACT KaK <JIMYHOE HEYBaKCHHE,

KECTKHEC BPEMCHHBIC OTPAaHUYCHHUS Ha CPOKU U3TOTOBJICHHS MeOenu (1o
TOW K€ MPUYMHE, YTO U YKa3aHHBIC B MPEABLIYIICM MTyHKTE TPEOOBAHUS
K KaueCTBY MPOAYKIIHUH);

BBICOKasi (DMHAHCOBAsl OTBETCTBEHHOCTHh HCIIOJTHUTENS 3aKa3a 3a BbI-
MOJIHEHUE TPeOOBaHMM, OTPAKEHHBIX B IEPBOM M BTOPOM ITyHKTaX,
MIPUBEICHHBIX BHIIIIC;

(OpMHUPOBAHHE «IICTIOYKU OTBETCTBEHHOCTH> IMPH OPraHU3aIMUA U HC-
MOJIb30BAHUU JTU3aWHEPCKUX CTYIUH, OCYIICCTBISIOMUX TPUEM 3aKa-
30B Yy KIMEHTOB (C yuyeToM TpeOOBaHHS, YKA3aHHOTO B TPEIBIIYIIEM
MYHKTE).

Kak ObL10 0OTMEUEHO BhIIlIE, MHOTHE HEOOJbIIME U CpeaHHEe MeOeIbHbIC
OPEANPUATHS IOJHOCTBIO, a HEKOTOpPhIE KPYIHBIC Opeanpusatus (Hampumep,
AO3T «llepBas meOenbHass (abpuka», r. CaHkr-IleTepOypr) dacTuyHO mepe-
IIUTH K TIPOU3BOJICTBY MeOeIu Mo MHIWBHUIyaJbHBIM 3aKa3aMm moTpebuteneii. B
TO XK€ BpeMs OOJBIIMHCTBO KPYMHBIX MPEANPUIATHH IMPOJOJIKAIOT CEPUHHBIN
BBIITYCK KOpIycHOM MeOenu. OIHaKO B IEJISIX MOBBIIIEHUS KOHKYPEHTOCIIOCO0-
HOCTH CBOEH MPOJYKIIMU OHU BBIHYXJEHBI 3HAUUTEIBHO COKPATUTh CPOKH pa3s-
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pabOTKKU M MOATOTOBKH K 3alyCKy B MPOU3BOJCTBO HOBBIX M3JAENUA MeOenu u
MeOeIbHBIX HAOOPOB U, KPOME TOTO, MOBBICUTh YACTOTY CMEHBI HOMEHKJIATYPHI.
[Ipu cepuiiHOM BBIMYyCKE MEOEIH 3TO JOCTUTAETCA OpraHu3aled Ha Mpearnpu-
ATUSIX THOKOTO MTPOU3BOACTBA.

Takum 00pa3zoM, COBpeMEHHbIE IKOHOMUUYECKUE pPEeaIMK MOCTABUIM MEpe.T
OT€UECTBEHHBIMU MEOETbHBIMU MPEANPUATAIMHU, HE3AaBUCUMO OT UX CIELHAIIN-
3allMy U MOJIENIM OpraHU3aluM MPOU3BOACTBA, CI0XKHBIN KOMIUIEKC 3a7a4, KOTO-
pbIe HEOOXOIUMO peliaTh B YCIOBHIX IedHIMTa 00OPOTHBIX CPEACTB U BpeMe-
Hu. OgHOM M3 TakuX 3an1ad sBhseTcs ¢popmupoBanue dP(HEKTUBHON MapKETHH-
TOBOM CITYy>XOBI IpeANpUITHS, KOTOpas obecrneunsia Obl CUCTEMATUIECKU MOHH-
TOPUHT MEOETBbHOrO PhIHKA W aHAJIU3 €r0 COCTOSIHUS C LEJbI0 OTHICKAHUS BO3-
MOKHOCTEH JUIsl YBEJIMYEHHSI COBITA MPOAYKUIHH, OBICTPOrO pearupoBaHUs Ha
M3MEHEHHE KOHBIOHKTYPBI PBIHKA, yU€Ta 3alpOCOB OTAEIbHBIX TPYII MOTPEOH-
TeJiek, MPOJBUKEHUSI MEOCITLHONU MPOAYKIMU B COCEIHHUE U O0jiee OTAajICHHbBIC
peruonsl. OpraHuzanusa MnoJo0HON ClyKObl HEBO3MOKHA 0€3 pellIeHHs 3a/auu
WHMOPMAITMOHHOW TOAJIEPIKKH, BBITIOJIHEHHE KOTOPOW TpeOyeT co3[MaHus crie-
[MUAIM3UPOBAHHOW MapKETHHrOBOW MH(popMaimonHoi cucteMsl (MUC), BriTIO-
yarole B ce0s, MOMUMO MPOYEro, MPOrpaMMHBIE MOAYJU AJISI CTATUCTUYECKOMN
00pabOTKM MPOU3BOJICTBEHHBIX JaHHBIX U MIPOrHO3UpoBaHus [47, 48].

3amadya OpraHu3alud MPOU3BOJACTBEHHOIO MPOTHO3UPOBAHUS HA TMpea-
MPUATHUSIX MEOETbHOW MPOMBIIIIIEHHOCTH UMEET 0COOYI0 aKTyalbHOCTh. AHAIU3
JAHHOM 3aJa4uM IMOKa3bIBAE€T, YTO HMCIOJIb30BAaHUE OJHUX JIUIIb KaueCTBEHHBIX
WJIU TPOCTHIX KOJUYECTBEHHBIX METOJOB MPOTHO3UPOBAHMS HE MO3BOJIAET OIe-
pUpPOBaTh JOCTOBEPHBIMU PE3YyJbTaTaMU U, COOTBETCTBEHHO, ONTUMAIBHBIM 00-
pa3oM BBICTpAaMBAaTh CBOIO JIMHUIO MOBEJACHUS B COBPEMEHHBIX IKOHOMHUYECKHUX
ycinoBusx. s 3Toro TpedyeTcss NpuMeHsATh 0oJiee aJeKBAaTHBIE MOJIENIA U METO-
ael (Harpumep, metog APTICC - aBToperpeccus IpOUHTETPUPOBAHHOTO CKOJIb-
3SIIETO CPEAHET0), TMPUBIIEKAs I X 00paOOTKA COBPEMEHHBIC TEXHHUCCKUEC U
nporpaMMHbIe cpeacTBa [49].

[Ipu mpousBoacTBE MeOENU MO MHAMBUAYAJIBHBIM 3aKa3aM 0co0o0e 3Haue-
HUE HMMEET 3a/ladya OpPTraHu3aluy MpUeMa 3aKa3oB, MpeArnojiaramnias Co3JAaHue
ceTH au3aiiHepckux cryamid wiu Oropo [9, 10]. [IpumepoM yCHEIIHOTO peIIeHUs
MoA0OHOM 3ajauun sIBISIETCS M3BECTHAsl HE TOJNbKO B ['epMaHuu, HO U B APYTUX
cTpanax 3amagHoii EBpomnbl, ceTh au3aiinepckux Oropo KiichenStudio, ocyrect-
BISIIOIIMX MPHUEM 3aKa30B OT HACEJIEHUS Ha M3rOTOBJIEHUE KYXOHHOU MeOenwu.
3aka3uuk, oOpaiasch B MoJ00HOE OHOpO, BUIUT 00pa3lbl MeOEIN - BapUaHThI
¢dacamoB, ocHAIICHHUS, KOMIIOHOBKH, M TIPH COJEHCTBHH AM3aiiHepa-IpoIaBIia,
MCIIONB3YIOUIEr0 CIEHUATIBHO pa3paboTaHHYI0 KOMIBIOTEPHYIO MPOrpaMMy Mpo-
EeKTUPOBAHUS UHTEPhEPA, OCYUIECTBIAECT MOA00pP HEOOXOAUMBIX MOJENEH U3Je-
U ¥ BapUAHTOB WX OTHEIKH, (OPMHUPYS TEM CaMbIM MPOEKT 000PYIOBaHMUS
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UHTEpbepa CBOCH KyxHH (BUPTyaJbHBIN HHTEphbep). Cuenas 3aKa3 ¥ MOATBEP/IHB
€ro JOrOBOPOM MJIM OIUIATOM aBaHCA, 3aKa3YMK OKMJAET MOCTYMJICHUS U3AeIUil
B OTOBOPEHHBIHN, IOCTATOYHO KOPOTKUM CpoK. B 3T0 Bpems nuzaiiHepckoe 01opo,
MOATOTOBUB MOJHYIO CIICU(PUKAINIO 3aKa3a, BKIIOYAIOIIYI0 KaK XapaKTePUCTH-
Ky KOMILJIEKTa U3JIEJIUI B 1IE€JI0M, TaK U KaXKJ0T0 U3AENUs B OTIEIbHOCTH, TIEepe-
naet ee usrorosutelnio [50].

AHaNOTUYHBIN MOAXOJ K MPUEMY 3aKa30B Ha H3TOTOBJICHUE KYXOHHOMU
MeOenu peann3oBaH W Ha psajae npeanpuaruii B Poccuu. Hampumep, B OAO
«I'packoe» (m. KpacHonecHsli, T. BopoHex) mogoOHsIM 00pa3oM NPUHUMAIOT
3aKa3bl yKe€ Ha MPOTSHKEHUU JECATH JIET, UCMOJb3ys CIElUalibHO pa3paboTaH-
ueie nporpammel GRAF, GRAF2, PostFactum u WinGRAF [51- 53]. B Hacrtos-
niee Bpems Ju3aiiHephl U POaBIbI-KOHCYIBTaHTHI, paboTarommue B (GPUPMEHHBIX
MaraspHax-cajoHax «I'padckas KyxHs», ¢ nomoimpio nporpammel WINnGRAF
[54] mpoekTUPYIOT HHTEPhEP KyXHU B COOTBETCTBUH C IMOXCIAHUSIMH M TPeOO-
BaHMSIMU KJIMEHTAa U PACCUUTHIBAIOT OOIYI0 CTOMMOCTH 3akasa. IIpu sTom uc-
MOJIb3YIOTCSL MOJIENIbHBIE M THUIIOPAa3MEpHbIE PANbl M3JAENHi, pa3padoTaHHbIE
KOHCTPYKTOPCKO-AN3aHEPCKON ciyk00i mpeanpusitus. [Ipu HEeoOXoaumocTn
pa3Mepbl KKIOro M3JENHs, BKIOYAEMOTO B MPOEKT UHTEPhEPa, MOTYT OBITh
u3MeHeHbl. [IporpaMma KOHTPOJUMPYET HMX COOTBETCTBUE JACHCTBYIOIIMM Ha
MPEANPUATUA KOHCTPYKTOPCKO-TEXHOJIOTHYECKUM TPEOOBAHUSAM U OIPAHUYECHU-
sm (KTTO)”.

Ha ocHoBanum monydeHHOW WHGOpPMAIMH TMporpaMMa aBTOMAaTUYECKH
bopMUpyeT KIUEHTCKUE» JOKYMEHTHI (IOroBOp-3asBKa, HAKJIAIHAs, 3CKHU3HOE
n300pakeHUE MPOCKTa MHTEPhEpa), a TaKKe IMOJIHYIO CIelu(UKAINIO 3aKa3a H
MPOU3BOJICTBEHHBIC 33/IaHUsS IJIs LIEXOB, B JaJbHEHIIEM MepeaaBaeMble Ha Me-
OenbHBI KOMOMHAT B 3JICKTPOHHOM BHjIE (IO DJICKTPOHHOW MOYTE WIIU, KaK 3a-
MacHOW BapHWaHT, C MCIOJb30BAHUEM CHEMHBIX MATHUTHBIX HOCHTENEH - JuC-
KeT).

3akasbl, IepelaHHble HAa KOMOWHAT, HAKAIJIMBAIOTCS B DJICKTPOHHOUN 0ase
JAHHBIX, KOTOpas HCMOJb3YeTCs OOJBIIMHCTBOM CIYXO0, pelalmx 3agadu
MapKeTHHTa, cObITa, MOArOTOBKM MPOU3BOJICTBA. B 4acTHOCTH, OTAEeN TeXHUYE-
CKOM MOJATOTOBKH MPOU3BOJCTBA B COOTBETCTBUU C JUPEKTUBHBIMU CPOKAMHU U3-
TOTOBJICHUS M, BO3MOKHO, IPUOPUTETAMH, YCTAHOBICHHBIMU PYKOBOJICTBOM JIsI
HEKOTOPBIX 3aKa30B, peliaeT 3aaady (GOpMHPOBAHMS MPOU3BOJCTBEHHOW TMPO-
IrpaMMBbl IpEANpUATHs. {151 3TOM 1€ B HEM UCIIOJIb3YETCs MPOU3BOJCTBEHHBIN
moysb porpammbl WiNnGRAF, koTopblit, onepupys 3aaHHBIM CIIHCKOM 3aKa-

4 . . o

310 omimuaetcs ot npunsaToro B KiichenStudio moaxoxa, koraa pasmepbl H3AenHii

3apaHee 3aJaHbl U (PUKCHUPOBAHBI, @ HE3AIIOJIHEHHOE NIPOCTPAHCTBO MACKUPYETCS C MOMOIIBIO
¢anpu-nanesei, HIMprUHa KOTOPHIX U3MEHsETCA ¢ marom 50 MM.
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30B M COACPKUMBIM 0a3bl TaHHBIX, aBTOMATUYECKH (POPMUPYET CBOTHOE TIPOU3-
BOJICTBEHHOE 3aJIlaHHE I BCEX IIEXOB U y4acTKoB [53, 55].

OTtcnexuBaHue TOTOKA 3aKa30B B MIOCTOSTHHO MOMOJHSAEMON 0a3e JTaHHBIX
B COOTBETCTBUM C YKa3aHHOW JATON MCIOJHEHUS KaXKJO0ro U3 3aKa30B OCYIIECT-
BJISIETCSA C MOMOIIBIO CIEIMaIbHO pa3zpaboraHHOM mporpammbel PostFactum. Ee
OCHOBHOE€ Ha3HayeHUE - (UKCHUPOBATH TEKYIIEe COCTOSTHHUE KaXKJOro 3akas3a
(mpUHSAT, OTJIOXKEH, OKUIACT, 3aMyIleH B MPOWU3BOJCTBO, TOTOB, OTIPYKEH) U
CUTHAJIU3UPOBaTh 00 UCTEUEHUHN BPEMEHU OXUIAHUS IS 3aKa3a U HE0OXOUMO-
CTH BKJIIOYEHHUS €r0 B TEKYIIUH CMHMCOK M7 (OPMHPOBAHUS CBOJHOTO MPOU3-
BOJICTBEHHOTO 3aJlaHUs. DTO MO3BOJSET MPEAYNPEAUTh BOSHUKHOBEHHE KpailHe
HEMPUATHON CHUTyallMy, KOrJa 3aKa3 M0 KaKuM-TM0O0 NMpUYMHAM TepsieTcsl Ha
JTare TEXHUYECKOW MOArOTOBKU WU MPHU MPOXOKIECHHUH IO 3aILNTAHUPOBAHHOMY
TEXHOJIOTUYECKOMY MapuIpyTy.

[TonoOHbBIN mMparMaTUYECKU MOJAXO0] K MpUEMY, IUIAHUPOBAHUIO U OCYIIIE-
CTBJICHUIO KOHTPOJS MPOXOXKJCHHS 3aKa30B MO TEXHOJOTHYECKOMY MapIIpyTy
peanu3oBaH U Ha Apyrux MebenbHbIX npeanpuarusx Poccuu. Hanpumep, B KOH-
nepae «GARDY » (r. Cankr-IleTepOypr) oH pealii30BaH MpH MpUEMe 3aKa30B HA
W3rOTOBJICHHE INKA(OB-KyNEe ¢ MOMOIIBIO MPOTPAaMMHOTO KOoMILIekca Armario

[56, 61].

2.2. ABTOMaTHU3HPOBaHHOE MPOEKTHPOBAHUE KOPIMYCHOH MeOeHn B
YCJIOBHSIX M03aKA3HOT0 MPOMBIIIJIEHHOT0 NMPOU3BO/ICTBA

[To3akazHoe MPOMBINIUIEHHOE MPOM3BOJICTBO JOJKHO codyeTaTh B cebe Ta-
KM€ Ba)KHEUIIINE TOJOKUTEIbHBIE YePThl CEPUIHOTO MPOM3BOJICTBA, KaK BHICO-
KW YpOBEHb KayeCTBa HM3TOTOBIEHHUS H3JEIUN W OonbIre 0ObEeMBI BBITYCKa
MeOeNbHOM TPOAYKIIUK. B TO e BpeMs, OHO JTOJDKHO YYUTHIBATh WHIUBHUAYAJh-
HBIE 3aIPOCHI MIOTPEOHUTENEH, Kacatomuecs Au3aiiHa (GOpMbI U IBETOBOM TaMMBbI
KaK OTJEJIbHBIX M3JCNINH, TaKk U MeOebHBIX aHcaMOJiel B 1iesioM. B pesynbTaTte
UMEET MECTO «KOH(MIUKT» psila KPUTEPUEB, OTHOCSIIIUXCS K Pa3IMYHBIM Tpe-
CTaBUTEIHCKUM YPOBHSIM: BHEIIHEMY, WU TOTPEOUTEIHCKOMY, U BHYTPEHHEMY,
WK TPou3BOACTBeHHOMY (puc. 2.2). DddekTuBHOE paspenieHne JaHHOTO KOH-
(bAMKTa BO3MOXKHO JIMIIH TP CMEHE CYIIECTBYIOIIEH MapaaurMbl TPOSKTUPOBA-
HUS KOPITYCHON Mebemnu, KoTopasi, Kak OTMEYajaocCh BBIIIE, HAITPaBIeHA B OCHOB-
HOM Ha aBTOMAaTH3alMI0 PYTUHHBIX KOHCTPYKTOPCKHUX OTIEPAITHil.
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Puc.2.2. Kpumepuu nompeoumensbckozo u npou3e00CcmeeHHO20 yposHeil

Paznuune kputepues, UCMOJIB3YyEMBIX HA BHEIIHEM M BHYTPEHHEM YPOB-
HAX MpEeACTaBICHUsS 00bEKTa MPOSKTUPOBAHUS U TPOU3BOJICTBA, IPUBOJUT K HE-
00XOJIMMOCTH TOTIOJIHUTENBHBIX COTJIACOBAHWN M M3MEHEHHWH B crielu(uKaruu
3aKa3a, MPUYEM 3a4acTyl0 yKe IMociie TOro, Kak OoH IMpHUHAT U odopmieH. Bee
3TO, 0€3yCII0OBHO, CKa3bIBa€TCA M HA KauyeCcTBE MPOAYKLMHU, U HA CPOKAX €€ U3ro-
TOBJICHHUSI, M HA CTEIICHH YJIOBJIETBOPEHHOCTH KOHEUHOTO OTPEOUTENS MEOEH.

B cootBercTBHM C HOBOW MapagurMol MPOEKTUPOBAHUS KOPIIYCHOM Me-
O0enu HeoOXOIUMO pPAa3CIUTh YPOBHU 3HAHUN (KOMICTCHIIMM) CIICIUATUCTOB,
paboTarONIMX HEMOCPEICTBEHHO C MOTPeOUTENsIMU (3aKa3uMKaMu), ¥ CIICIIHAIIH -
CTOB, 3aHATHIX Ha MeOEIbHOM MPOU3BOACTBE. HecMOTpst Ha TO, YTO B YCIIOBUSX
M03aKa3HOTO IMPOM3BOJICTBA pPEANM3ALUSA NPOAYKLUUH SIBISIETCS HEOTHEMIIEMOU
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YaCThIO MOJHOTO YKU3HCHHOTO IUKJIa MEOCIBHBIX W3JCIHM, OCYIISCTRIISIONINEC
ee CIeNHATUCThI (IU3aifiHephl 0 UHTEPHEPY, MPOAABIBI-KOHCYJILTAHThI, MEHE]I-
’Kepbl MEOSTHHBIX CAJIOHOB) MPAKTUYCCKU OTUYKJIEHBI OT CAMOTO IMPOU3BOICTBA.
B ocHOBHOII cBOEl Macce OHM HE BIIAJICIOT BCEM MOJHOTOM KOHCTPYKTOPCKHX H
TEXHOJIOTMYECKUX 3HAHUN OTHOCHTEIBHO pPEAM3yeMOW HWMHU TNPOAYKIIHH, a
UMEIONIasICs Y HUX UH(OPMAIHS 9acTO MPEICTABISICT COOON CBEICHHS PEKIIaM-
HOTO XapakTepa.

JIoCKOHAIbHOE 3HAHWE TEXHOJIOTHYECKMX OCOOCHHOCTEH KOHKPETHOTO
NPEINPUITHS - TPEPOraTUBa CHCIUAIMCTOB (IU3aliHEPOB-KOHCTPYKTOPOB, KOH-
CTPYKTOPOB-TEXHOJIOTOB, TEXHOJIOTOB), HEMOCPEACTBEHHO YYACTBYIOUIMX B MPO-
W3BOJICTBEHHO-TEXHOJIOTHUECKHX TMPOIeccax MAaHHOTO MPEeANnpusaTus. B 3rToii
CBSI3M OJIHA U3 OCHOBHBIX II€JIC HOBOW MapaJurMbl MPOCKTUPOBAHUS 3aKITFOYA-
eTcst B obecrnieueHnu (HOPMaIbHOTO MOIXOa, MO3BOJISIIONIETO PACIPOCTPAHHUTH
HEOOXOUMBIA 00BEM 3HAHUN BHYTPEHHETO (ITPOM3BOJICTBEHHOTO) YPOBHS Ha
BHENIHHUH (MOTpeOUTENbCKUI) ypoBeHb [57]. B KaduecTBe BaKHEHIIIETO dI1eMEHTA
TAKOTO TOJXOJIa BBICTYNaeT OOBEKTHAs CTPYKTYPHO-aTpHOYTHBHAS MOJIENb
(OCAM) mebenbHOTO M3Aeus, TO3BOJISIFOIIAs MUHUMU3UPOBATh YacTOTY HEIO-
CPEJCTBEHHOT'0 OOIICHUS CIICIIMATUCTOB Pa3HbIX YPOBHEH mpu 0(OpMIICHUH 3a-
ka3a (CM. BbIIIE puc. 2.2).

Kaxk moka3bpIiBaeT oTeuecTBECHHAs MPAKTHKaA, B paae ciaydaeB 10 70 % o00-
IIero KoJu4ecTBa Je(heKTOB, 0OHAPYKUBACMBIX B TOTOBOHW TEXHHUYECKOH MPO-
IOYKIIMH, BBI3BaHBI OIMIMOKAMH B KOHCTPYKTOPCKHX PEIICHHSIX, a OCTAJIbHBIC
30 % ommbok 00yCIOBICHBI HEAOCTATKAMH TEXHOJOTHH H3TOTOBIICHHUS WIIH
MPOUCXOAT 1o BUHE paboumx [58]. Takum oOpa3om, OOJbIIAs YacTh OIIMOOK,
BBISIBJISICMBIX TPU TMPOSKTUPOBAHHUH, MPOU3BOJICTBE U IKCIUTYaTAIlUH CIIOKHBIX
U3JICIIUN, COBEPINASTCS UMEHHO Ha dTale MPOCKTUPOBAaHHS. DTO CBA3aHO C BHI-
COKMM YPOBHEM CYOBEKTHBH3Ma, Ha3bIBAEMOTO TAKKE «UCIOBEYCCKUM (haKTO-
POM», KOTOPBIN SBIISCTCS 00S3aTeIbHONW COCTABIIAIONICH BCEX MHTEIUICKTYAlIh-
HBIX TPOIIECCOB, BKIIFOYAsl U IPOSKTUPOBAHUE.

B yciioBusix mo3aka3HOTro MpOMBIIIIJICHHOTO MPOU3BOJICTBA MEOCIIH YMEHb-
IICHUE KOJUYECTBAa ONTMOOK MPOCKTUPOBAHUS SIBJISICTCS MEPBOOUYCPEIHON 3aa-
yeir. [ns ee pemieHUs B paMKax HOBOHM TapagurMbl MPeaiaracTcs pasleiuTh
OOIIMIA TPOIIeCC MPOCKTHPOBAHUS MEOCIbHBIX M3JCIHI Ha JIBa OTHOCHUTEIHHO
000COONIEHHBIX JTala. UHHCUHUPUHZ, U SCKU3HOE MPOCKTUPOBAHUE, U PEUH-
JcuHupune, VI BO3BpaTHOe mpoektupoBanue [59]. IlomoOHOe pasnencHue
npenoiaracT napajjieibHOS BHIMOTHECHUE YKAa3aHHBIX 3TAllOB MPOCKTUPOBAHHMSI
U CYHICCTBEHHBIM 00pa30M M3MEHSIECT CJOKUBIIYIOCS MapagurMy MpOeKTHPOBa-
HUS U3JIeuil KoprycHoi mebenu (puc. 2.3).
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Puc. 2.3. Dmanst undycunHupunza u peuHICUHUPUH2A 8 00uWiell cCmpyKmype
npouyecca npoeKmuposanus u3oeauil KOpnycHoi meoenu

[Ipn TpaagMUMOHHOW MapaJurMe 3Tal 3CKA3HOTO MPOCKTUPOBAHUS 3aBEP-
maeTcsi pa3pabOTKON MPOEKTHOM JOKYMEHTAIlMU, HEOOXOIUMOM ISl BBITIOIHE-
HUSI TTOCJIETYIOIIEro padoyero NpoeKTUPOBAHUS KOHKPETHOTO u3aenus. JJoouTs-
CA4 BBICOKOTO YPOBHS aBTOMATH3allMM 3CKU3HOTO MPOCKTUPOBAHUS B PaMKax
pacnpoctpaneHHbIX CAIIP kopnycHOM mMe0enu JO0CTaTOYHO CJIOKHO B CHITYy WH-
(hopMaIlMOHHOW OTPAaHUYCHHOCTH HCIIOJIB3yEeMbIX UMH T€OMETPHYCCKHX MOJIE-
neit. JlaHHBIC MOJENIH HE COJEP AT BCEH MOJHOTH HHGOPMAIKH, HEOOXOUMOMN
JUIs TIepexojia K aOCTpaKTHBIM MOJIENSM, BKIIFOYAIOIIUM, B YaCTHOCTH, aJTOpPUT-
MBI peaju3aluy COMPSHKEHUS AeTaled U3aeui Mex 1y coO0oi, MEeTOIbl KOHTPO-
Ji1 COOTBETCTBHUSI MOJEIU TEXHOJIOTUUYECKUM TpeOOBaHUSAM U OTPAHUYCHUSIM U
T.J. B cuiy 3TOro ajis aBTOMAaTH3allMd 3CKHU3HOTO MPOEKTUPOBaHUs (MHKHHU-
puHra) TpedyeTcs CreuaIu3upOBAaHHOE MPOTPAMMHOE 00eCIICUCHHE.

CornacHo HOBOM MapaJurmMe MPOEKTUPOBAHUS Ha ATale HHXUHUPHUHTA
KOHCTPYKTOp, HCIIOJIb3YSl JOCTYIHBIE €My WHCTPYMCHTAJIbHBIE CPEeICTBa, (op-
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MHUPYET MOJIEIb MPOTOTUITHOTO MEOETLHOT0 U3/INIHS Ui, 00Jiee KpaTKo, IPOTO-
TUIHYIO MOJieNib. B 3TOM Moaenu 0KHBI ObITh YUTEHBI TPEOOBAHUS, OTPAXKEH-
HbIE B TEXHUYECKOM 3aJIaHUH, a TaKXKE JAHHBIE O TEXHOJOTMYECKHX BO3MOMXKHO-
CTAX MpennpusTus, npeacrabieHHbie B ctpykrypax KTTO. Kpome toro, B xoze
WHXUHUPUHTA B MPOTOTUIIHYIO MOJI€Nb BKJIIOYAIOTCS JIBE T'PYMIbI aJrOPUTMOB
(MeTo10B):

- QJITOPUTMBI PECTPYKTYpU3ALIMH, MPEAHAZHAUYCHHBIC I OMIpeAeseHuUs
MpaBWJ KOMIWISUMUA MPOTOTHUIIHBIX MOJENe B MOJENIH KOHKPETHBIX
MeO€eIbHBIX U3ACIINH,

- QJITOPUTMBI KOHTPOJIS, TapaHTUPYIOIKEe 0€301M00YHOCTh BBIMOJIHEHUS
MPOEKTHBIX ONEpallvid Ha 3Tane PeUHKUHUPUHTA.

Otan peMH>XMHUPUHTA MPOTOTUITHON MOJENH BBIMOJHSIETCA TU3alHEPOM

10 MHTEpPbEpPy MNpH MPUEME HWHIUBUAYAIBHOTO 3aKa3a Ha MeOeIbHOE H3JEeINe
WIH Ha Tpymnmy u3aenuid (MeOenbHbIi ancaMOb). OH BKJIIOYAaeT B ce0s JBE OC-
HOBHBIE MPOEKTHBIE MPOLEAYPHl - PECTPYKTYPHU3ALMIO MPOTOTUITHOW MOJAEIH U
BO3BPaTHOE MPOEKTUPOBAHUE KOHKPETHOTO MEOEIBLHOTO U3 IS,

[Ipouenypa pecTpykrypuszauuu oOecrnedynBaeT MpeoOdpa3zoBaHuE MPOTO-
TUMHOW MoJenu 0e3 MOHWKEHHSI YPOBHSA aOCTPAKTHOTO IMPEICTABICHUS MPOCK-
THpyeMoro MebenbHoro uzaeiaus. C moMoupi0 HHCTPYMEHTAIbHBIX CPENICTB pe-
WHXUHUPHUHTA JU3aliHep MOJydaeT AOCTYI K MOJSIM HWH(POPMAIIMOHHBIX CTPYK-
TYp, ONMKUCHIBAIOIIMM MPOTOTUIIHYIO MOJENb. BBOJ JaHHBIX B 3TU MOJS KOHTPO-
JUPYETCsl alrOpUTMaMu PECTPYKTYPHU3AIUHU, 3aJAHHBIMU Ha 3Tale WHXXUHUPUH-
ra, 4To B JIOCTATOYHOM CTEMEHM rapaHTUPYyeT 0e30IMO0YHOCTh pa3pabarhiBae-
Moit Mmogenu. [Tpu s3Tom ucnonb3yercs kommieke KTTO, npeacrasnstomuii co-
0ol 0a3y TaHHBIX, B KOTOPOM COAEPKUTCS CTPYKTYPUPOBAHHBIN MEepedyeHb Ipe-
JCBbHBIX U ONTHUMAJBHBIX MMapaMeTPOB MPOCKTUPOBAHMS, a TaKkKe (POpPMaTbHBIX
aJIrOPUTMOB KOHTPOJISI COOTBETCTBUS MPOTOTUITHOT'O U3JIETUSI STUM NTapaMeTpaM.
Takum o0pa3om, HECMOTPSI Ha TO, YTO MPHU PECTPYKTYPHU3ALUU MOJEIb U3ACIUS
MpEeTEepNeBaAECT ONpeAeIeHHbIE U3MEHEHUs, OHA, C OAHON CTOPOHBI, HE BBHIXOAUT
32 paMKHM TE€XHOJIOTUYECKUX BO3MOXHOCTEH MPOU3BOJICTBA, C IPYTrO CTOPOHHI,
HE HapyluIaeT 3aJI0KEHHbIE B Hee TPEOOBAHUS U OTPAHUYCHUS.

Bo3BpaTtHoe MpoeKTUpOBaHHWE — 3TO KOMIMJISIUS MPOTOTUIIHOW MOJEIU
MOCJIE €€ PECTPYKTYpU3allMd B MOJIETIh KOHKPETHOIO MEOEIbHOr0 M3JENHus, CO-
JepKAIIy0 BCIO HEOOXOIMMYI0 WH(GOpPMALMIO I WU3TOTOBIICHHUS W3JCTUS Ha
MMeEIoLIeHCs MPOU3BOICTBEHHOM 0ase.
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Puc.2.4. Hugppacmpykmypa komnnexcnoii CAIIP kopnycHoii mebenu

B cootBeTcTBHM € MpeAIOKEHHON BBILIE CTPYKTYPOU MPOLIECCA TPOEKTH-
poBaHUsI B cocTaBe mnepcrekTuBHON komruiekcHol CAIIP kopmycHoit mebenu
(puc. 2.4) BBIIEIAIOTCA CICIYIONIME OCHOBHBIC (DYHKIIMOHAIBHBIC CHCTEMBI
[60, 61]:

- CHCTeMa aBTOMATH3aLMM ACKU3HOrO MPOECKTUPOBAHUS, NMpPEIHA3HAYCH-

Hasl JIIs1 BBITIOJTHEHHUS 3Tana WHXUHUPUHTA KOPIYCHBIX MEOETbHBIX H3-
TEJINi;
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- cucrema pectpykrypuzanuu 1 komnuiaaiuu OCAM npoTOTUITHOTO Me-
OCILHOTO M3JIeNINs, IPeHa3HauYCHHAs JIJIs BBHIMOJHEHUSI 3Tana peuHKU-
HHUPUHTA,;

- yuuBepcanbHas CAIIP MeOGenbHBIX M3ACNHH, TpeIHa3HAUCHHAS ISl BH-
3yalu3aluyi reOMEeTPUUECKUX MOJEJCH M BBINOJHEHUS PYTUHHBIX OIle-
panuii 1Mo MOJArOTOBKE KOHCTPYKTOPCKO-TEXHOJOTMUYECKON TOKYMEHTA-
[IMU TIPOCKTOB.

bonee monpoOHO ATanbl MHXUHUPUHTA U PEUMHKUHUPHUHTA, COCTABIISIO-

1IIM€ OCHOBY HOBOM MapaJurMbl MPOCKTUPOBAHUS KOPIYCHBIX MeOEIbHBIX U3]Ie-
JIMM, OTIUCAaHBI HUXKE.

2.2.1. UH)KMHMPHUHT KOPIMYCHBIX MeOeJbHBIX U3/1eTuii

[Ipu pa3paboTke 3CKMU3HOTO MPOEKTA BBIMOJHAIOTCS padOThl, HEOOXO M-
MbI€ ISl oOecrieueHus] TpeOOBaHUM, IPEABIBIAEMBIX K U3ACIHIO, U MO3BOJISIO-
e YCTaHOBUTh NPUHUMIHAIBHBIE PELICHUS MO ero co3gaHuio. OCHOBHBIMHU
BUJIaMH PadOT MPU 3TOM SIBIISIIOTCS BHIOOP M OLICHKA BAPUAHTOB KOHCTPYKTHUBHO-
ro peleHus, UX IPOBEpPKAa U BbIOOP ONTUMAIBHOTO BapuaHTa, MPUHITHE pelle-
HUW TIO U3TOTOBJICHUIO U3MENus. Pe3ylbTaTOM 3CKHU3HOTO MPOECKTUPOBAHUS SIB-
J€TCSl COBOKYMHOCTh JIOKYMEHTOB, COJEPKAIIMX KOHCTPYKTOPCKUE pPEIICHUS,
Ha OCHOBAHHH KOTOPBIX MOXHO C(OpPMHUPOBATH OOIIee MPEACTABICHUE O MPUH-
munax (QyHKIHOHUPOBAHUS U CTPYKTYpe pa3padaTeiBaeMoro uszenus [62)].

[Iponiecc MHKUHUPUHTA KOPIYCHOT'O MEOEIbHOTO M3JEIUs MOXKHO pac-
CMaTpUBaTh KaK 3CKU3HOE MPOECKTUPOBAHKE, B paMKax KOTOPOTO MPUHUMAIOTCS
MPUHIIUIHATBHBIE PEIICHUS OTHOCUTENIBHO (YHKIMA W CTPYKTYpPHl OYyIyIIero
m3nenusi. TpaAUIIMOHHO B OCHOBE 3CKHU3HOI'O MPOEKTA JIE)KUT T'€OMETPUUYECKAS
MoJenb MeOenbHOro u3aenus. B To jxe Bpemsi, pe3yibTaTOM WHXXUHUPHUHTA SB-
nsiercst OCAM npoTOTUITHOTO MEOENbHOTO M3/IeNUs, MPEACTABIISIONIasi MaTeMa-
TUYECKYIO, aJTOPUTMUYECKYI0O W HHGOPMAIMOHHYIO 0a3y IS ONpeAcsICHUs
MHOYECTBa pa3padaTbIBAEMbIX U3/ICTUMN.

B cooTBeTCTBMHM ¢ HOBOW MapagurMoN MPOEKTUPOBAHUS HA 3TAre WHKHU-
HUPUHTA 3aKJIaJIbIBAIOTCSI OCHOBBI 0€30IIMOOYHOCTH MPOCKTUPOBAHUS U TTPOU3-
BOJICTBA KOPIyCHOM MeOenu. B peanuzanuu AaHHOTO dTana MPUHUMAIOT yya-
cTre HanOoJee KBaTu(PUIIMPOBaHHBIC CTICITUATMCTHI IPEANPHUATHS - AU3AHHEPHI,
KOHCTPYKTOPHI, TeXHOJOTU. Ero coctaBHON 4acThio sABISETCS (OpPMAIU30BAaHHOE
OMHUCAHUE TEXHOJOTMYECKHX BO3MOXKHOCTEH KOHKPETHOTO MEOEIBHOIO MpOu3-
BOJICTBA M BKJIIOYEHHUE COOTBETCTBYIOIMIECH HH(POPMAIIMH B TPOTOTUITHBIE MOJICIIH
m3nenuii. Takasgs OCOOEHHOCTh MO3BOJISIET OCYIIECTBUTH CTPYKTYpPHUPOBAHHBIN
MOAXO0Jl K OpTaHU3alUy MPOLENYyp KOHCTPYUPOBAHUS, U3TOTOBJICHUS U peaiu3a-
MU MeOeH, BBISIBIISAA MPU 3TOM UX AITOPUTMUYECKYIO CYITHOCTb.
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st apdekTUBHOTO perieHus 3aaad, BBIIOIHAEMBIX Ha 3Tale WHKUHU-
puHTa, HEOOXOJMMO HCIOJIb30BAaHUE CICIHAIM3UPOBAHHBIX IMPOTPAMMHBIX
CPEACTB MPOCKTUPOBAHHUS, yJOBICTBOPSIONIUX CIICAYIOIIMM OCHOBHBIM TpeOo-
BaHUsM [ 63]:

- QJITOPHUTMHUYECKOE pelIeHNe MPOCKTHBIX 3aJ1au Ha BO3MOXKHO 00Jiee BBbI-
COKHX YPOBHSIX aOCTpaKIIMd MaTEMaTHYCCKHX MOJCICH C IeIbI0 MUHH-
MH3AIUHA KOJTMYECTBA CYOBEKTUBHBIX OIITHOOK;

- yHU(UKAIU pelIeHn, MpUHUMaeMbIX Ha Bcex dTtamax JKI[ mebenpHO-
ro u3Jenus, 00eCIeuyrnBaromas ux BapuaTHUBHOE MOBTOPHOE HMCIIOJIb30-
BaHHUE,

- ONTHMH3AIMS TTapaMeTpOB MeOSITEHOTO M3CHS 10 Pa3IMYHBIM KPHTE-
pusiM (KOHCTPYKTHBHBIM, 3CTETHUYECKUM, (PMHAHCOBBIM, TEXHOJIOTHYE-
CKHMM) JUIs TOJyYEHHsS ONTHMAIbHOI'O COOTBETCTBHS BO3MOKHOCTEH
MIPOM3BOJICTBA U TPEOOBAHMI PHIHKA,

- KOMIUIEKCHAs aBTOMAaTH3allHsl MPOCKTHBIX M PACUCTHBIX 3a7ad, BBITOJ-
HAeMBIX Ha Bcex dTamax JKI[ MeOenbHOTO M3Aeius, MO3BOJIAIONIAs CO-
KPaTHTh €ro 00MIyI0 BpEMEHHYIO MPOTSIKECHHOCTb;

- ObICTpast ajanTamus MPOU3BOACTBA K HOBBIM THIIAM W MOJEISAM Me-
OCNBHBIX U3JIEINH,

- HHTETpHpPYeMOCTh Bcex 3tanoB JKII MeOenpHOro mM3aenus B mHpopma-
IIMOHHYIO HWH(PPACTPYKTYypy MEOCIbHOTO TPEANPUIATHS HAa OCHOBE
chopMHUpOBaHHOM 0000IICHHONW HHPOPMAITMOHHOW MOJICITH HU3CITHS.

Takum oOpa3om, oOmias 3amadya WHCTPYMEHTAJIBHOTO IPOrPaMMHOTO
obOecrieueHUs, aBTOMATU3UPYIOMIET0 3Tall MHKHHUPHUHTA KOPITYCHBIX MeOSIbHBIX
W3JICNINIA, 3aKIIF0YacTCSd B CO3JaHUH TapaMETPHUYCCKUX IIPOCKTOB BBICOKOTO
YPOBHS aOCTPAKIIHH, TTO3BOJISIIOIINX TOJY4aTh MHOKECTBO KOHKPETHBIX ITPOCKT-
HBIX PEIICHUN IMyTeM BapbHPOBAHHSI MHOXKECTBA BXOJHBIX mapameTpoB. Hanbo-
Jiee TOIXOJSIINM IS OTOTO SABJISACTCS aJalTHBHBINA IMapaMETPUICCKHM MOIXO0/I,
MPEATOJIaralOIuNA CHHTE3 MOJICITH U3JICTUS B BUJIC 0OpaTUMBIX CBSI3EH MEXIy €€
COCTaBHBIMH DJICMEHTAMH, T.€. JIFOOOM 3JIEMEHT MOJICIH C YUYETOM €ro (hYHKIIHO-
HaJbHOTO Ha3HAYCHHUS MOXKET OBITh KaK 3a/JIaf0lIUM, TaK M ONpeaesIIeMbIM. ITO
MMO3BOJIACT TEepeNaTh pelIeHre OONBITUHCTBA 3aJay MPOCKTUPOBAHUSA Ha Oonee
BBICOKHE YPOBHH aOCTpaKIMH, YTO, B CBOIO OYEpPE/ib, Ta€T BO3MOXHOCTh MX BBI-
MOJIHEHHMS HA HM3IIMX YPOBHAX aOCTpakIMU B aBTOMATHYECKOM pexuMme |64,
65].

[Tpu pa3paboTke WHCTPYMEHTAIBHBIX MPOTPAMMHBIX CPEJICTB, aBTOMATH-
3UPYIOMIMX ATall MHKHHUPHUHTA, CISIYET, TIPEXKIEC BCETO, OMPEACIUTh MHOKECT-
BO (Kjacc) MPOEKTUPYEMBIX 00BEKTOB KOpIycHOU MeOenu. YUem Oosiee orpaHu-
YCHHBIM OKa’)KeTCSI 3TO MHOXKECTBO, TeM 0oJjiee BBICOKHH YpOBEHbH aBTOMaTH3a-
UM MOTYT 00eCTICUUTh pa3pabaTeiBacMbIe CpE/ICTBA IPOCKTUPOBAHMS.
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JIist vouTroCcTpaluy JaHHOTO Te3Uca MOKHO OOpaTUTHCS K IPYyrod obnacTu
MPOCKTHOW JIESITEIIbHOCTH, CBSI3aHHOW C pa3pabOTKON M UCIOJIb30BAaHUEM CHC-
TE€M MporpaMmMupoBaHus. 3BeCTHO, YTO Y€M HUMXKE YPOBEHb SI3bIKA MPOTPAMMHU-
poBaHUsl, TeM 00Jiee YHHUBEPCAIbHBIM MHCTPYMEHTOM OH SBJISIETCA, T.€. MOAXO-
IWT JUI PEIICHUs] Pa3In4YHBbIX 3aj]ad MporpaMMUpOBaHus (HampuMep, aBTOKOJ
WK sI3bIK accemOiiepa). [ToBbIlIeHue YPOBHS M BO3MOYKHAS CIICIIUATH3AIUS S3bI-
Ka MpOrpaMMUPOBAHUS, T.€. IEPEXO] HA 00Jiee BHICOKUN YPOBEHb a0CTPAKTHBIX
MpEACTaBICHUHM, HEU30€KHO CYKAaeT MHOKECTBO PEIIAEMBbIX C €T0 MOMOILIbIO
3amad. OIHAKO CTENEeHb aBTOMATH3alMHM, OOecreymBaemMasi COOTBETCTBYIOUICH
CUCTEMOW MPOTrpaMMHUPOBAHMUsI, TOBBIIIAECTCS MPU OJHOBPEMEHHOM CYILIECTBEH-
HOM CHMXEHUM TPYJA03aTpaT, BPEMEHU M KOJUYECTBA OLIMOOK, IOMYCKaeMbIX
Mpu pa3zpabOTKe MPOrpaMm.

C y4eToM mepeyuucClIeHHBIX BbIllle TPEOOBAHUUN IJi peaau3aluu MOJICUC-
TEMbl aBTOMATH3ALMU 3CKU3HOTO MPOEKTHPOBAHUS B COCTaBE MEPCIEKTUBHOMN
CAIIP xopnycHo#t Mebenu pa3paboTaH KOMIUIEKC aBTOMHTEPAKTUBHBIX TaOJIU4-
Ho-rpapuueckux penaktopoB (ATIP), obecneunBarommx (opmMupoBaHHE
OCAM nmpoTOTHUIIHBIX MeOenbHBIX u3aenuil [66- 68]. Ilpu paspaborke mpo-
IPAMMHOI'O KOMIUIEKCAa HCMOJb30BaH OOBEKTHO-OPUEHTUPOBAHHBIA MOAXO/,
MpEANoJIaraloliuii nepapXruueckyro JEKOMIIO3UIUIO MPEIMETHON 00JacTu mpo-
CKTUPOBaHUs Ha Kiacchl (Kopryc, (acas, BEIIBHKHOMN SIIMK U T.J.) U OOBEKTHI
(maHes b, WK IMUTOBAs JETalb, KPEIICKHBIN AIeMeHT, QypHUTYpa U T.1.) [69].

OObekTHast OPUEHTHUPOBAHHOCTh HMHCTPYMEHTAIBHBIX MPOrpaMMHBIX
CPE/CTB TOJIPa3yMeBaeT, YTO KOHEUHOMY IOJIb30BATEII0 (IU3aliHepy, KOHCTPYK-
TOPY, TEXHOJIOTY) MPEIOCTABISACTCS BO3MOXKHOCTH JJII Pa0OThl B MPHUBBIYHOM
MOHATUWHOM (TEPMHUHOJIOTHYECKOM) MPOCTPAHCTBE MpoIecca MPOSKTUPOBAHHUS,
BBITIONIHSASI OTI€pAlliM, €CTECTBEHHBIC C TOUKH 3pPEHUS €ro MpodecCHOHaTbHBIX
3HAaHUW U OMbITa. DTO OCOOEHHO BaXKHO 711 HOBOW MapaJurMbl 3CKU3HOIO MpO-
EKTUPOBAHUS, KOT/Ia KOHCTPYKTOp paboTaeT B MPOCTPAHCTBE aOCTPAKTHBIX MO-
Jelniel, 4To B 00IIeM ciiydae i Hero He xapaktepHo [ 70]. Pemenue momo0OHOM
3a/1a4d TOCTUTaeTCs MyTEM OpraHU3allMd AaBTOMHTEPAKTUBHOTO peXrUMa padoTHI,
KOTOPBIM HE MpeanoiaraeT UCIoJIb30BaHUs KECTKOr0, Harepea 3aJaHHOTO, Cle-
Hapus JACHCTBHI Mmojab30Barteis. HampoTus, moib3oBaTens, 00maaas npodeccuo-
HaJbHBIMU 3HAHUSIMH, HAPABJISAET IEUCTBHE MPOrPaMMHBIX CPEJCTB, MPUMEHE-
HUE KOTOPBIX MO3BOJSAET MOCIEIOBATENIBHO MPUOMMKATHCA K 3aJaHHOM IeIn
MPOCKTUPOBaHMS. [IpyrumMu cioBam#, MPOUCXOAHMT Tporecc (Gopmanu3anuu
3HAHUW WX HOCUTEISMH, T.€. KOHECUHBIMHU IOJIb30BATENSIMUA, B MEPCOHAIBHOM
pexxuMe - aBTodopMaIu3aus npodeccuoHalbHbIX 3HaHwmi [ 71, 72].

[Toncucrema aBTOMATU3alMU ACKU3HOTO MPOEKTUPOBAHUSA, PEaTU30BaAH-
Has C YYETOM IMEePEUUCIICHHBIX BBbIIIE TPeOOBaHUM, BKIIOYAET B c€0s CIeYIOUIIE
cnenuanuzupoBanubie ATIP (puc. 2.5):
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- peoakmop ¢hopm, peTHA3HAYCHHBIN I TOCTPOCHHS CJIOKHBIX KOH-
TYpOB JeTajei, BKIIOYAsl THYTHIC 3JICMCHTHI MeOeIr, a TaKkXKe JIT MO-
JICTUPOBAHUS MTapaMeTPUUISCKUX TPOPUILHBIX ACTaNCH;

- peoakmop 610K08, IpeAHA3HAYCHHBINA ISl COSTUHCHUS OTICIIbHBIX JIC-
tajgeii B OJ0oKH (KOHCTPYKTHBHBIC Y3JIbI) M PaOOTHI CO CTaHIApPTHBIMH
0JIOKaMH, a TaKXe JJIsl JIOTHYSCKON OpraHu3aliy JaHHBIX B MOJICIIH;

- PeoaKmop y3nioe conpax);ceHus, peTHa3HaYCHHBIA 111 POPMHUPOBAHUS
W PEIaKTUPOBAHUS Y3JI0B CONPSDKCHUS M aJTOPUTMOB MX ITO3HITHOHU-
POBaHHUS C yUETOM TEXHOJOTMUYECKUX OCOOEHHOCTEN 000PYyI0OBAHUS;

- peoakmop OCAM, npeqHa3HAYEHHBIN Il pEJAKTUPOBAHUS CTPYKTYPBI
MOJIETH C BO3MOYKHOCTBIO BO3BpaTa K JIFOOOH paHee BBITTOJTHECHHON MPO-
e Iype IpOCKTUPOBAHMS,

- pedakmop KTTO, npenHa3zHaue€HHBIN IS BBOJA W PEAAKTUPOBAHUS
MPEACTbHBIX 3HAYCHUN TapaMeTPOB IPOCKTHPOBAHUS, OIPEICIICHUS
anroputMoB KoHTpoJist KTTO.

Jlist 3amycka r000ro U3 pelakKTOpOB, MPEACTABIICHHBIX B MOJICHUCTEME aB-
TOMAaTH3alUM ICKU3HOTO MPOCKTHUPOBAHUS, WCIIOIL3YCTCS MOHUMOP - YIIpaB-
Jsmonias nporpaMmma, odecrneyrBaromnias mojab30BaTeNo ya00HbIM cnocod pado-
THI C MHCTPYMCHTAJIBHBIMHU CPEICTBAMMU.

MoHHTOD

Y Y ' Y i

Penaxrop Penakrop Penakrop Penaxrop Penaxrop
opm GITOKOR Y3108 OCAM KTTO
COTIPSREHHS

Y Y Y Y

Puc. 2.5. Cmpykmypa noocucmemul agmomamu3zayuu ICKU3HO20 RPOEKMUpPO6anus

Kak oTmedanock BbIlll€, MOCIEAOBATEIBLHOCTh PA0OTHI C PEAAKTOpaAMU
komiuiekca ATI'P 3apanee He 3amaHa, MOJIB30BATENb MCIIOJIB3YET TOT W3 HUX,
KOTOpBIA TpeOyeTcss B KaXKAblM KOHKPETHBIM MOMEHT Ipoliecca MPOEKTUPOBa-
Hus. nenTtudukanus 1 BEI30B COOTBETCTBYIONIETO PEIAKTOPA OCYIISCTBIISIIOTCS
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MOHHTOPOM B aBTOMATHYECKOM PEKHMME B 3aBUCUMOCTH OT ACUCTBUM, BBITION-
HsAeMbIX nojb30BaTeneM ¢ OCAM npoTOTUITHOTO MeOETbHOTO U3AEIHUS.

OCAM mpencraBnsier coboii MHOOPMAIMOHHOE «SIIPO» KOMITJIEKCHOM
CAIIP xopnycHoO# MeOenu, BKII0YaIoIee COBOKYITHOCTh pa3jeioB, MpeaHa3Ha-
YEHHBIX JJIS1 HAKOTUICHUS U XPAaHEHUs TaHHBIX, OTHOCAIIUXCS K Pa3IMYHbIM JTa-
nam XL me6enbHOrO M3Aenus. B cooTBeTCTBUM ¢ TpeOOBAHUSAMH K CTPYKType
obmieir 6a3el gaHHBIX 00 wm3genuu (OBJIM), mpeanaraeMbpiMH B KOHIICTIIIHH
CAL S-texnouoruti [ 73], MOXHO BbLACTUTH cienyromue pasaesisi OCAM:

KOHCMPYKmMOpPCKUe 0aHHble, COJIEpKAIUE ONMMCAHUE T€OMETPUUYECKOMN
(GhopMBbI, pa3MepOB U CTPYKTYPhI H3JICTINS, TEXHUUESCKHUE XapaKTePHUCTH-
KU U OTPAHUYCHUS, PE3YIbTAThl PA3JIUYHBIX PACUETOB;
mexHo/102u4ecKue 0anHple, ONYCHIBAIONIME MAPUIPYTHBIE U OIEpaln-
OHHBIE TEXHOJIOTMH, HOPMBI BPEMEHHU BBITIOJHEHUSI OTAECJIbHBIX OMEpa-
MM U pacxoja MaTepHUalioB, YIPABIAIOIIME NapaMETPhI IJIsI CTAHKOB C
UITY u orpaHuyeHus, HaKJIaIbIBAEMbI€ HUCIOJIb3yEeMbIM 000PYAOBaHU-
eM;

npou3e00cmeenHbvle OaHHble, BKIIOYAIOIINE OMUCAHUE MPOU3BOJIN-
TEJIbHOCTH 000pYI0BaHUs, IPUHATON CUCTEMbI KOHTPOJISI KauecTBa, Ma-
TepHUATbHO-TEXHUUYECKOTO 00SCIIeUeHHS TPOU3BOICTBA;
IKOHOMUUECKUE OAHHble, OTINCHIBAIOIINE PE3YJIbTaThl MAPKETUHTOBBIX
Hccle0BaHUM, SdKOHOMUYECKOe 000CHOBAaHME I1€7€CO00Pa3HOCTU TIPO-
W3BOJICTBA U3JCNHS, pacyeT ce0SCTOMMOCTH, MapaMeTphbl TEKYIIETO M
MEPCIEKTUBHOTO TJIAHUPOBAHUS,

Jao2ucmuyeckKue OaHHble, BKIIOUYAIOIIME OINMCAHUE MCCIeq0BaHUMI
NoCTHpou3BOACTBeHHBIX cTaaui JKII, B wacTHOCTH, MEpPONPUITHI MO
TapaHTUMHOMY M MOCJIETapaHTUMHOMY COIMPOBOXKICHUIO U3ICTUN.

Paznen koncTpykTopckux manHbix OCAM, dbopmupyeMsbli, TTaBHBIM 00-
pazoM, B Ipolecce MHAKUHUPUHTA MPOTOTUITHOIO MEOETbHOTO M3JEIusl, BKIIIO-
JaeT B ce0s cieayrommue dJieMeHTh [ 60]:

ctpykrypHoe onucanne KMUA, ocHoBbIBaromeecs Ha uepapxXuuecKou
MHOTOYpPOBHEBOM JEKOMIO3UIIMU 00bEKTA MPOESKTUPOBAHHS,;
reoMeTpuueckas nHpopmalus (rabapuTHbIC pa3Mepbl H3ACIUS U JICTa-
JIei, KOOPAUHATBHI UX TOYEK IMPUBA3KH, KOOPAUHATHI XapaKTEPUCTUYE-
CKMX TOYEK MapaMeTPUYECKUX KPHUBBIX, 3amaromux (opmy perane,
MpOLEAYpHAs peanu3alvs YpaBHEHUM NapaMETPUUYECKUX KPUBBIX U
T.IL.);

uH(pOpMAIU 0 BHYTPEHHUX COMPSDKEHUSAX AJIEMEHTOB 00BEKTa MpPOeK-
TUPOBAHHS;
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- COMNpSDKEHUE BJIEMEHTOB, OTHOCSIIMXCA K pasHbIM HEPAPXUUYECKUM
ypOBHSM 00beKTa (BHyTpEHHEE CONpsyKeHHUe 1-ro THma);
- COMNpPSDKEHUE PJIEMEHTOB, OTHOCSIMXCSA K PAa3IMYHBIM JIEMEHTAM OJHO-
T'0 UePAPXUUECKOTO YPOBHs (BHYTPEHHEE CONPSHKCHHUE 2-TO TUTIA);
- uH(opManus O BHEIIHUX COMPSDKCHUSAX OOBEKTa B paMKax MOJICIH
KMUA;
- KTTO, npenpsaBnsieMble K 00bEKTY IPOCKTUPOBAHMUS;
- anroput™Mel (MeTobl) peanu3anyu u kKoHTpois KTTO.
[IpuMepom pakTHYECKON peain3allii KOMIOHEHTOB MOJCUCTEMbI ICKHU3-
HOTO TPOEKTHPOBaHUS, (POPMUPYIOUIUX pas3iael KOHCTPYKTOPCKUX TaHHBIX
OCAM, sBnsercs «bA3UC-Ilkadg» - Momyns mapaMeTpUUECKOTrO MPOCKTHPO-
BaHUS W3JEIUM KOPIYyCHOM MeOenu, ucnoiabiyromuiicas B coctaBe CAIIP
«BA3UC» [26, 28, 61]. KpaTkoe omucanue KOMIOHEHTOB monyis «BA3UC-
[Ikad» mpenctaBieHoO HUXKE.

2.2.2. ABTOMATH3aIHMsl PellIeHUs 321249 MHKUHUPUHI A U31eTHil
kopnycHoil medesu B MoayJe «bASUC-1lIkad»

OcHOBHO¥ 3a7a4eil MHKUHUPUHTA U3JETNN ABIsSeTCs (GOPMUPOBAHHUE Ma-
TeMaTUYECKUX MOJICJICH, MPEACTaBIAIOIINUX cO00i 0000IEHHbIE TTapamMeTpuye-
CKHE€ TPOEKTHI BBICOKOTO ypOBHS aOcTpakuuu. VX HazHaueHHWE COCTOUT B TOM,
9TOOBI B XO/I€ TMOCIEAYIOIETO PEHHKHHUPHUHTA, BAPbUPYS BXOJAHBIC MMApaMETPHI,
aBTOMATHUYECKU TMOJIy4aTh MHOXXECTBO KOHKPETHBIX MPOEKTHBIX perieHuil. Mc-
X0/l U3 ITOTO, MPU MporpamMmHoi peanuzanuu moayis «bA3UC-IIkad» mpu-
MEHSJICSA aNanTUBHBIA TMapaMEeTPUUYECKUM TOIXOJ, MPEANOJararoluuii CHUHTE3
MOJENU U3JIENUs B BUJE OOpPaTHMBIX OTHOUICHHUN MEXOY €€ COCTaBHBIMU dJie-
MeHTaMu. Ero ¢QyHkmmoHambHOE Ha3zHadyeHHE 3akKirouaeTcs B (HOPMHPOBAHHUH
MoJiefiel TPOTOTUITHBIX OOBEKTOB, BKIIOYAIOIIUX B CeOS T€OMETPUUECKYIO MO-
JIeNIb KOpIyca MeOeIbHOTO U3MIEusl, CTPYKTYPY €r0 BHYTPEHHETO HAMOTHEHUS C
¢duKkcamuei B3auMOCBA3€l M B3aMMO3aBHCUMOCTEH BCEX COCTABHBIX DJIIEMEHTOB,
napamMeTphl U METOJIbI TTOCTPOCHUS Y3JI0B CONPSIKEHHS U aJTOPUTMBI OOJIUIIOBKU
KPOMOYHBIMU MaTepHUajaMy NIPU aBTOMATHYECKOM KOHTPOJIE COOTBETCTBUS BCEX
yKa3aHHbIX 37eMeHTOB TpeboBanusm KTTO.

IIpu paspabotrke Moxynst «bA3UC-IlIkad» peanu3oBaHBI CIACAYIOIINC
KpUTEPHH:

- obecnedeHne MoaHOTO Habopa (pyHKIMI dTana MHKUHAPUHTA,

- TMPOCTOTa OCBOCHUS U yA0OCTBO UCIOJIb30BAHUS;
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BO3MO’KHOCTh HACTPOUMKH MapaMeTpPOB MOJYJISI B COOTBETCTBUU C CYObh-
€KTUBHBIMU TMPEINOYTECHUSIMU TIOJb30BATENS U YCIOBUSIMH €ro JKC-
TTyaTaluu;

BO3MO’KHOCTbh HCIIOJIb30BaHUS I JTIOOBIX MEOENbHBIX MPEANPUSTHH,
paboTaromuX B YCIOBHUAX MO3aKAa3HOTO MPOMBIIUICHHOTO MPOU3BOICT-
Ba, HE3aBUCUMO OT 00BHEMOB U HOMEHKJIATYPbl BBIITYCKAEMBIX U3/ICTTUH;
BU3YyaJIU3alys pe3yJIbTATOB BBHIMOJHEHHUS JIFOOOro Iara B IIpoliecce
MPOEKTUPOBAHUS;

3alUIIEHHOCTh OT COOEB amlmapaTHOro O0ECTeYEHUS] U HEKOPPEKTHBIX
JICMCTBUM ITOJIb30BaTEIN,

HapanBaHue (YHKIIMOHATBHBIX BO3MOXXHOCTEH MPH CTPOTOM COOITIO-
JICHUU MPEEMCTBEHHOCTH (DOPMATOB TaHHBIX.

CrpyktypHas cxema moayisa «bA3MC-IlIkad» moka3zana Ha puc. 2.6. OH
peann3oBaH KaK COBOKYITHOCThH IMPOTpaMM, PEaTH3YIONUX KOHKPETHYIO (YyHK-
LMOHAJILHOCTh U pabortaromux mnon ynpasieHuem monuTopa UNIT, koropsrit
TaK)Ke peaiu3yeT OpraHu3allMi0 B3aMMOJICUCTBUSL BCEX MPOTPaMM C ONepalu-
onunoi cucremoit u CYB/I.

basnl JaHHBIX
IIporotirel  KTTO DypHHTYpPa MaTtepHasl

JH G

v v v

Penarxtop | |Pegakrop Penaxtop Penaxtop

popm OIOKOB || y3/I0B CONpPsEeHHs1| | OCAM

KREP | L{EDIT|

FASAD

Puc. 2.6. Cmpykmypnasn cxema mooyns «<bA3HC-IlIxkagh»

PCI[aKTOp CI)OpM CIOXHBIX TCOMCTPHUYCCKUX DJIEMCHTOB MCIIOJIB3YCTCA OAJIA
MNOCTPOCHUA CJIOXKHBIX KOHTYPOB HeTaﬂeﬁ npu NpOCKTUPOBAHHUHN KOPITyCa ME-
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oenpHoro usgenus (mporpamma KORP) u 37€MEHTOB €ro BHYTPEHHErO HarloJ-
Henus (STR), a Takxke Ui BBIIIOJIHCHUS Pa3JIMIHBIX BCIIOMOTATEIIBHBIX JIEHCT-
BUI1, HEOOXOIUMBIX B MPOLECCE MPOEKTUPOBAHUSA  MOCTPOCHUE NapaIeIbHBIX U
NEPIICHINKYIISIPHBIX JTUHHM, pacueT paccTosHuil u yrioB u napyrue (VSP).
Penaktop OnOKOB MpenHa3HAUYeH Al OObEIUHEHHS] OTACNIbHBIX 3JEMEH-
TOB U3JCNHS B COOPOYHBIC KOHCTPYKIUU (OJIOKH), pabOThI CO CTaHIAPTHBIMHU
0JIOKaMU W ONpEJEICHUs CXEMbl OpraHU3alMM JAHHBIX B MOJEIH HU3JEIUs Ha
jorudeckoM ypoBHe. CtaHaapTHbIe 0JIOKM (BBIIBHXKHBIC Tajepe, CTaHIapTHBIC
(acaapl) HOCAT CTATUICCKUH XapaKTep U yCTAHABIUBAIOTCS B MOJCIb U3/ICTHUS B
TOM BHUJIC, B KAKOM OHU HaxoJsATCsA B 0a3e AaHHBIX (0e3 Kakux-mu00 MoAu(puKa-
it mapametpoB). CBs3b UX C OPYTHMH 3JIEMEHTAMH MOJEIU OCYIIECTBISICTCS
Ha YPOBHE OOIIMX AJIEMEHTOB COIPSDKEHUS: HAMPaBISIONMX WIH netens. [Ipu
pEIaKTUPOBAaHUU MOJIENIM €AMHCTBEHHOW oOmepauuei, JAOMYyCTUMON AJisl CTaH-
JApTHBIX OJIOKOB, SIBIISIETCS OTepalnus TpaHCISIUU KoopAauHaT. bioku, chopmu-
pPOBaHHbBIE MOJB30BaTENEM, UMEIOT 3HAYUTEIBLHO 00Jiee HMIUPOKUNA CHEKTpP BO3-
MOKHOCTEH MO YCTAHOBKE U PEIAKTUPOBAHMIO. DTOT KOMIUIEKC BO3MOXKHOCTEH
peanusyetcs nporpammoit BOX.
Jlpyrum cTaHIapTHBIM 3JIEMEHTOM ABISIETCS (acaj IBEpU WU SIIUKA, HO
TOJLKO B TOM CIlIy4ae, €ClId OH MMEET CIOXKHYIO CTPYKTYpy (punendarsie nau
npodwibHbie ¢acanpl). Jns paboThl ¢ HUMH TpeIHA3HAYCHA Mporpamma
FASAD.
PenakTop y3710B CONpPSI’)KEHHS] MCHOJIB3YETCS IJIs PEUICHUs CIEAYIOIINX
OCHOBHBIX 3a]1ay:
- QopmupoBaHUE M PEIAKTUPOBAHHEC MHOXKECTBA OOOOIICHHBIX JJICMCH-
TOB COIPSIKEHUS

- KOPPEKTHOE pa3MeEIleHHE Y3JIOB CONMPSIKEHUS B MOJEIIU U3JCNHS C y4ue-
TOM TE€XHOJIOTUYECKUX OCOOEHHOCTE 000pyA0BaHUs U UHCTPYMEHTA B
MPOCTPAHCTBE POPMAIILHBIX MMAPAMETPOB,;

- 00JIMIIOBKA KPOMOK TaHENEH ¢ YyU4eTOM WX BHAMMOCTH Ha (PpOHTATHHOM
MPOEKLIUU MOJIEIIH.

CTpyKTYypHO OH COCTOUT M3 MPOTrpaMMbl PaOOTHI C 3JIEMEHTAMU COIPSIAKE-
Hus (KREP), mpencraBastomuMu co00l KpenexHY (QYpHUTYPY, TPOrPaMMEI
paboTsl ¢ nekopatuBHOU GypHUTYpoit (FURN) 1 mporpamMmbl 00JUIIOBKHA KPOM-
koit (KROM).

[Iponiecc MHKUHUPHUHTA, KaK U JILOOOH Ipyroi Mpolecc NpOeKTUPOBAHMUS,
ABJISIETCS MTEPALMOHHBIM, MpEaycMaTPUBAIOIIUM BO3MOXKHOCTH BO3BpaTa Ha
m000H 1Iar NpOeKTUPOBAHMS, U3MEHEHUS JIIOOBIX MapaMeTpoB OOBEKTa B LIETOM
WJIM OTJENBHBIX €r0 COCTaBHBIX YacTed. YKa3aHHYIO0 (YHKIIMOHATBLHOCTh peau-
3yeT mporpamma EDIT.
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Merononoruyecku penakrop KTTO MOXHO paccMaTpuBaTh B KadyecCTBE
COCTaBHOM YacCTH BCEX OCTAJbHBIX PEIaKTOPOB B CHIIYy TOTO, YTO BBINIOJHEHUE
m000i MPOEKTHOM Olepaluy ampuoOpHO MpearnoaraeT oOpalleHre K TeM WIu
uHbIM QyHKIMIM nporpammbl CONTR. Anroputm ee paGoThl 3aKIIOYaETCS B
UACHTU(PUKAIIMN TPOOJIEMHON CHUTYyallud, BBHIOOPKE U3 0a3bl JaHHBIX HYKHBIX
OrpaHUYEHHM, MOAKIIOUYEHUN aJITOPUTMa KOHTPOJISI, COOTBETCTBYIOUIETO HJICH-
TU(HUIIMPOBAHHON CUTYalluH U POPMUPOBAHUU OJTHOTO M3 TPEX BO3MOKHBIX BHI-
XOJIHBIX CHTHAJIOB: BBINOJHEHUE OMEpPaIMy HEJAOMYCTUMO, BBIIIOJHEHHUE OIepa-
LMA HEXEeJIaTeJIbHO, BBINIOJHEHUE OINepaluu KoOppekTHo. MHTeprnperauus AaH-
HBIX CUTHAJIOB MPOU3BOJUTCSA TOM MPOrpaMMoi, mpu paboTe KOTOPOW BO3HUKIA
yKa3aHHAasl CUTyalus.
[Iporpamma BD npennaszHauena st opraHu3aluy B3auMOACHCTBUS ¢ 0a-
30 maHHbIXx KTTO. OHa sBis€TCS aBTOHOMHBIM MOJYJIEM U peaau3yeT CBOIO
¢dbyHKuroHANBHOCTH (3amonHenre b/l HeoOxomumon undopmaluei u Gopmab-
HOC ONHUCAHKWE AJTOPUTMOB KOHTPOJIS) Ha 3Tare, MPEIIIeCTBYIOIIEM WHKUHH-
PUHTY.
[Tomumo paccmoTpeHHBIX B cocTtaB Moyt «<bA3UC-IIkad» BxoauT He-
CKOJIBKO TIPOTPaMM, BBIMOJHSIONIMX BCIIOMOTATEIbHBIE ONepanuu U uHpopma-
LMOHHO CBSI3aHHBIX C PEJAKTOPAMU Yepe3 MOHUTOP:
- VISUAL: Busyanuzamnusi TEKyIIETO COCTOSTHHS MOJICTIH,
- SERV: nactpoiika mapameTpoB (pyHKIIMOHHPOBAHUS MOAYJIS U TOJTyde-
HUS Pa3IUYHBIX CIPAaBOYHO-MH(GOPMAIIMOHHBIX JAHHBIX O MPOEKTHUPYE-
MOM HU3JENNH,;

- PRINT: nony4yenue TBepaod komuu (pacrevatka) MOJeIu chOpMHUPO-
BAHHOTO 0OBEKTA.

Hna wuHpopManmmoHHOTO obOecrniedeHus (QYHKIMOHUPOBAHUS MOJYJIS
«bA3UC-IlIkad» opranusyroTcs cieayromue 0a3bl JaHHBIX:

- TPOTOTHIOB (KaK CBS3YIONIEE 3BEHO MEXJy dTarlaMd WHXUHUPUHTA U

PEUHXUHUPUHTA);

- KTTO;

- KPETEKHOHU U ACKOPATUBHON (QYPHUTYPHI;

- MaTepHaioB.

JIisi IpaKTUYECKOro MCMOJIb30BAHUS MOAYJS HAa KOHKPETHOM MpEAINpH-
ATAA HEOOXOJAMMO BBITOTHEHUE TPEIBAPUTEIHLHOIO dTama, CBA3aHHOTO ¢ Qop-
MUpOBaHUEM 0a3 JaHHBIX W 3alOJHEHHWEM MX MH(POpMalHel, oTpaxkaromen xa-
PAKTEepUCTUKH MMEIOIIETOCs 000pyA0BaHUsI, TEXHOJIOTMYECKHUE MPOLIECCHI, 0CO-
OCHHOCTHU MPOMU3BOJICTBEHHOTO IMKJIA, HCTIOJIb3yeMble MaTepUalbl, QypHUTYPY U
KoMmIUIekTytomue. B nanpHeimemM 3t B[ HeoO6Xx0oaumMo TOAAEpKUBATh B aKTy-
aJTbHOM COCTOSIHUU.



93

PabGoTta KOHCTpYKTOpa MO CO3[IaHUIO MPOTOTUITHBIX MOJENIEH COCTOHT M3

TpeX ATAroB

- OmpejelieHUue MapaMeTpOB KOpITyca M3JACIUsS M MPEABAPUTEIbHBINA BbI-

00p MaTepHuaoB;

- KOHCTPYUPOBAaHHE BHYTPECHHEI'O HAIOJIHECHUS U JOMOJHUTEIBHBIX MO-

AyJei (aHTPEeCONTbHBIC U YTIIOBBIC CEKIIHH);

- BBINOJHCHUE TEXHOJIOTHUECKUX OTEpaIuii CKpeIUICHUs TaHelel, ycra-

HOBKHU (DYPHUTYPBI H OOJUIIOBKHA KPOMOK.

[lepBBIii Tanm HOCUT TPEABAPUTEIBHBIN XapaKTep W MpeJHa3HAueH JUIs

OTIPEICICHUS OCHOBHBIX MapaMETPOB MPOCKTHPYEMOT'O MPOTOTHITHOTO U3JICITHS.

JIroOble 3HAYCHHMS, ONpPE/ICICHHBIC Ha 3TOM 3Tale, B JAJbHEUIIEM MOTYT OBITh

MOJIM(DUITUPOBAHBI B COOTBETCTBHH C 3aMBICIIOM KOHCTPYKTOpa. [[yist ero BhIMOII-

HEHHS HEO0OXOIUMO 3alOJHUTH JaHHBIMU HECKOJIBKO UATOTOBBIX (OpM, OIpe-

JEISIOMUX KOHCTPYKTUBHBIE OCOOCHHOCTH CTPYKTYpbl m3aenus. [Ipumep dop-
MBI, OTIMCHIBAIOINEH KOHCTPYKIIMIO KPBIIIKH, TIOKa3aH Ha puc. 2.7.
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OnpenensitoliuM B IpoliecC€ KOHCTPYUPOBAHUS MPOTOTUIIHOTO H3AEITHS
SBIIICTCSI BTOPOM OTal, Ha KOTOPOM B HMHTEPAKTUBHOM pexuMe (popmupyercs
€ro napameTpuyeckas CTPYKTYpPHO-aTpUOYTHBHAsI MOJEJNb. DJIE€MEHTaMU BHYT-
PEHHETO HANOJHEHUS MOTYT CIYXUTh BEPTHUKAJIbHBIE EPETOPOIKH, CTAMOHAP-
HbIE€ U ChEMHBIE TMOJKH, SIIUKH JIFOOBIX KOHCTPYKUMM, MaHe u KecTKocTH. Cam
MPOLECC BBIMOJIHAETCSA B ABTOMAaTU3UPOBAHHOM PEXUME. KOHCTPYKTOP, UCXOIS
W3 MOCTABJIICHHOW 3aJayy, BU3YaJbHO YCTAHABIMBAET JJIEMECHT HAIIOJHECHUS B
HY’)KHO€ MECTO, TIPU 3TOM BCE HEOOXOIUMBIE CTPYKTYPHBIE CBSI3U (YOPMHUPYIOTCS
aproMatndecku ¢ yuetom KTTO. JIr060i1 mar mpoiecca NpoeKTUPOBAHUS BU-
3yanusupyercs. B ciiydae He0OXOAMMOCTH BO3MOXKEH BO3BpAT K JIFOOOM M3 pa-
HEE BBITIOJIHEHHBIX MMPOCKTHBIX ONEPALUN U BBIITOJIHECHUS €€ C HOBBIMH ITApaMeT-
pamMu.

B xauecTBe mpumepa Ha puc. 2.8 mokazaHO OKHO OTpeeJeHUsI KOHCTPYK-
TUBHBIX IMAPAMETPOB NOCTPOEHHS CEKIMHU, COJAEPKAUIEH BBIABH)KHBIE SIIUKH.
Kak BHIHO M3 pHCyHKa 3HAa4YWTENbHAsI 4acTh NAPAMETPOB SBIAETCA MOIEIBHO
HE3aBUCUMOM U XapaKTepU3yeT TEXHOJIOTMYECKHE OCOOEHHOCTU NMPOU3BOJICTBA,
MMOATOMY 33JAa€TCsl OJIMH pa3 MpHU NPEeABAPUTENBHOW HACTPOUMKE mporpammel. K
BAPbUPYEMBIM IAPAMETPAM OTHOCATCS KOJWYECTBO SINIMKOB B CEKLIMU U KpHUTE-
puii pacueta ¢acagoB. Bce mpoekTHBIE Omepairyu, CBSI3aHHBIE C YCTaHOBKOM
SITUKOB B BBIOPAHHYIO CEKIMIO (pacuyeT BBICOTHI (hacasioB, BEIOOP U YCTAHOBKA
HATPABISIONMINX, COMPSHKCHUE ¢ OOKOBBIMH CTCHKaMH H T.I.), PCATH3YIOTCS aB-
TOMATHUYECKHU.
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Tpertunii sTann KOHCTPYUPOBAHUS MPOTOTHUITHOTO M3AeTUs (PYHKIIMOHAIBHO
pa3OuBaeTCcs Ha JBa:

- TpeaBapUTEIbHAS HACTPOMKA aITOPUTMOB HA OCHOBE aHAJIN3a MCIIOJb-

3yEMBbIX TEXHOJOTUYECKHUX MPOLECCOB U3TOTOBICHHUS U3ACIUN;

- aBTOMATHUYECKOE BBITTOJTHEHUE BCEX MPOCKTHBIX ONEpAIUNd.

Takum o6pazom, mpumeHeHne OCAM MeOelbHBIX U3CIUN B COUCTaHUHU
¢ bl KTTO npu paspadorke moayns «bA3NC-IIIkad» mo3Bosmiio opraHu3o-
BaTh KOHCTPYHUPOBAHHUE MPOTOTUITHBIX MOJIENIEH BEICOKOTO YPOBHS aOCTpaKIMU B
MHTEPAKTUBHOM PEXHUME C BBICOKOH CTENEHbIO aBTOMATU3AallMH ITPOCKTHBIX OIle-
pauuii ¥ onepaTUBHBIM KOHTPOJIEM UX 0€301HO0YHOCTH.

2.2.3. PeHH:KMHMPHHT KOPIMYCHBIX MeOebHbIX U3/1eui

CornacHo HOBOU MapaaurMe MPOCKTUPOBAHUS PEUHKUHUPHUHT SIBISETCS
OJTHUM M3 ITAroOB IMpoIiecca pa3paboTKU U3EIN KOPIyCHON MeOeau B yCIOBH-
SX TI03aKa3HOTO MPOMBIIINIEHHOTO MPOU3BOCTBA. B X0/ penH>KUHUPUHTA TIPO-
TOTUITHAS MOJETbh W3/eius, cPOPMUPOBAHHAS HA dTale WHXXUHUPHUHTA (ICKHU3-
HOTO TIPOCKTUPOBAHHMS), «IOOMPEICISICTC», 00eCIeurBas BBITTOJHCHUE WHIH-
BUIyaJIbHBIX TPeOOBAaHUM 3aKa3uMka K KOHKPETHOMY MEOECITHHOMY H3ACIHUIO
[40].

B y3koM cwmbIciie TIOHATHE PEMHXMHUPHUHTA HCIOIB30BAIOCh U paHee -
MPUMEHUTENBHO K 3aJa4e MOIU(UKAIIMA TEOMETPUUYECKUX CBOWCTB M3MCIUS B
cocTaBe MeOETHLHOTO aHCAaMOJIsI ¢ YY€TOM COXPAHEHHS €ro CTUIIEBOTO €TUHCTBA.
B aTOoM ciyuae mporiecc peMHKWHUPUHTA MPOTOTUITHOTO MEOETHHOTO W3ICIUs
COCTOUT B PEIICHHUH CIICAYIOIIUX ABYX 3aaau [ 74- 76]:

- PCHHKUHUPHUHT KOHCTPYKIIUU KOPIYCHOTO MeOenbHoro uanmenws (pe-

WHXHUHUPUHT (OPMOOOPA3YIOMIUX MUTOBBIX MEOCTBHBIX ACTAJCH);
- PCHUHXUHUPHUHI JICKOPATHBHBIX 3JIEMEHTOB MeOeau (peHHKUHUPHHT
KPUBOJIMHEHHBIX MEOCIIbHBIX JIeTaleH).

Jlnia perieHus: mepBoil 3aa4M UCTIONB3YETCS CIeIHATbHBIA METO pernep-
HOTO MOJIETHPOBAHUS CTPYKTYPHI MEOEIbHOM KOHCTPYKIIMU, KOTOPBIM 3aKII0Ya-
€TCSl B IOCTPOCHUH PEMEPHON AMArpaMMbl M UCIIOJIb30BAHUU €€ TIPU PEHHKUHH-
punre usnenus [76]. PenepHas muarpaMMa COCTOUT M3 COBOKYITHOCTH YIpaB-
JSIONIMX ToYeK (perepoB) W OTHONICHHWM MexAy HUMH. Kaxmbli penep mpen-
cTaBysieT co00i MO0 pealbHBbIM 00BEKT CTPYKTYPHOW MOJACHU H3ACHus, JTubo
pacueTHy0 (BUPTYyaIbHYI0) BCIIOMOTATEIBHYIO TOYKY 3TOW Mojesu. PaccrosHue
MEXIy 3aJaHHBIMH pPETepaMH OIPEICNSIIOTCA, UCXOAS M3 TeoMeTpuu OubiIno-
TEYHBIX MEOCNIBbHBIX JJIEMEHTOB, WM TaK HAa3bIBAEMBIX KECTKUX» DJIEMEHTOB,
dopMma (KoHPHTrypalrs) KOTOPBIX HE JOKHA U3MEHSATHCS MPU PEUHKHUHUPUHTES
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uznenus. [lpu Tpanchopmaruum Moaenu U3AEHHS perepbl 3aAal0T M3MEHEHHE
pa3MEpHBIX MMapaMeTPOB AeTanell MeOeTbHON KOHCTPYKIIHH.

[Ipu pemiennn BTOPOM 3a7a4v MCMOJIb3YETCS aITOPUTM PENEPHOTO MOJIE-
JUPOBAHUS JCKOPATUBHBIX (KPUBOJIMHEHHBIX) JICMEHTOB MEOCIIM, OCHOBAHHBIN
Ha KCIOJb30BaHUU KpHUBBIX besbe C (N +1)-if omopHO# TOYKOH ¥ Oa3UCHBIMHU

nosuHoMamu bepHinTeitHa n-i crenenwu [ 74, 77- 81]. Heo0XxoauMocTh B perH-
KUHUPUHTE JCKOPATHBHBIX JJICMCHTOB BO3HHKACT MPH M3MCHCHUU JIMHCHHBIX
pa3MepoB MeOETBLHOTO M3JCIUs, MPH dTOM CTaHJAPTHBIM AJITOPUTM MacIITaOu-
POBaHUS MOYET MPHUBECTH K HAPYIICHUIO COPa3MEPHOCTH YacTEH JIEMEHTOB U
YXYAIMICHUIO UX BHEIIHEro BUJa. B 3TO# CBs3uM mpeaiaraercs UCHOIb30BaTh Tak
Ha3bIBAEMOE «HMHTEJICKTYaJIbHOE» MacCIITaOMpPOBAaHKE, TIO3BOJISIONICE BaAPHUPO-
BaTh MOJICNIb JCKOPATUBHOTO JICMEHTA B COOTBETCTBUU C ONPEJICIICHHBIMHU TpE-
ooBanusMu [76]. OHO mpeamoiaraeT 3aJjaHue KOHTPOJIBHBIX (PEHEPHBIX) TOUYCK
Ha KPHUBBIX, OMUCHIBAIONIUX MOBEPXHOCTH JCTAIHM, KOTOPHIC TTO3BOJIAIOT B JaJlhb-
HEHIIeM MaHUIYJIMPOBaTh HMX TOBEJCHHUEM M OOECIEYMBAIOT COBIAJCHUE C
OMOPHBIMU TOYKaMH KPUBBIX be3be. 3aTem, BapbUpys CBOWCTBA PENEPHBIX TO-
YeK, MOXHO 33/1aTh BEJIUYMHY CMEIICHUS JIJIs KaKIOW TOUKH WM, HAIPOTHB,
3a(h)MKCUPOBATH €€ MECTOTIONOKEeHHE Ha KpuBOW. ClieJOBaTEIBHO, OCYIIECTBIIS
KOHCTPYUPOBaHUE MEOCIBHOTO M3CIHS, MOXXHO BBIIIOJIHUTH MPEIBAPUTEIHLHOC
perepHoe MOJICITUPOBAHUE JICKOPATUBHBIX DJIEMEHTOB MEOCIIM ¥, TEM CaMbIM,
«3aTIaHUPOBATH>» MOBEJACHUE COOTBETCTBYIOIIUX KPUBBIX NMPU PECHHKUHUPUHTES
U3JICITHS .

B mmpokom cMebICIe, IOHATHE PEUHKXUHUPHUHTA OTHOCUTCS K U3MECHCHHUIO
pa3IMYHBIX CBOMCTB (M HE TOJBKO T€OMETPUUYECKUX) paHee pa3pabOTaHHBIX MO-
JeNiel KOPIyCHBIX MeOCNbHBIX u3aenuid. B xoae Moaudukamum Moaenu Kaxio-
r0 W3JCJUsl B MAKCUMAJIbHOW CTCTICHH YYHUTHIBAIOTCS TOXKEIIaHUs 3aKa34yHKa, ec-
JI¥, KOHEYHO, OHM HE WIYT Bpa3pe3 C 3aJaHHBIMU NPU MHKUHUPUHTE KOHCTPYK-
TOPCKO-TEXHOJIOTHYECKUMHU TPEOOBAHUSAMHU U OTPAHUICHUSIMHU.

OOBIYHO PEHHXUHUPHHT OCYIICCTBIISICTCS CICIUATUCTAMH MEOSITbHOTO
caioHa  (AM3aiiHepaMH TIO  HMHTEpPhEPy, MCHEKEpPaMH,  IPOJaBIIAMHU-
KOHCYJbTAaHTAMH) TP TMPUEME WHIAMBUAYAIBHBIX 3aKa30B OT IMOTPEOUTEIICH.
JIaHHBIF MOMEHT SIBJIIETCS KIIFOUEBBIM MPHU PEHICHHHM BOIpPOCa O BhIOOpE KOH-
KPETHBIX CIOCOOOB peanu3alliy NPOSKTHBIX OMNEpaluid pPEeUHXUHUPUHTA, II0-
CKOJIbKY yKa3aHHBbIC paOOTHHMKH, KaK MMPAaBUIJIO, HE BIAJICIOT JOCTATOYHO MOJHBI-
MU 3HAHUSIMA OTHOCHUTEIIPHO KOHCTPYKTOPCKUX M TEXHOJOTHYECKUX OCOOCHHO-
CTE¥ KOHKPETHOTO MeOEIIbHOTO TPOU3BOJICTBA. B 3TO# CBS3M clieJyeT OTMETHTB,
4T0 00BEM U KaueCTBO MPOEKTHBIX PAa0OT, BHITIOJHICMBIX B X0/1¢ PEUH)KHHUPUH-
ra, B 3HAYUTEILHON CTCIICHU 3aBUCHUT OT PE3YJIbTATOB MPEIBAPUTEIIBHO BBIMOJ-
HEHHOTO MHXUHUPHUHTA MPOTOTUITHBIX U3JICIHI KOPITYCHON MeOeIH.



97

CTpyKTypHO TIpOLIECC PEUHNKUHUPUHIA TMPEICTABISAETCA JBYMS KOM-
MJIEKCHBIMU MPOEKTHBIMU MPOLEAypaMU: PECTPYKTypU3alueld MPOTOTUITHOMN
MOJIENIM U BO3BPATHBIM MPOEKTUPOBAHUEM KOHKPETHOTO MEOEIbHOr0 HU3AEIHS
[59]. O6e mpoekTHBIC MPOIEAYPHI MOTYT OBITh PEAIM30BAHBI B paMKax OJHOTO
¢dbyHKIMOHATBHOTO On0Ka - cuctembl Kommuwisanuun OCAM mpoTOTHITHOTO Me-
oenpHOTrO M3Aeus (CM. BbIlIE puUc. 2.4).

Ha stane pectpykTypusanum oCymecTBIsSETCA JOCTYI K MOJSM TaHHBIX WH-
(OopMaITMOHHOM CTPYKTYPHI, OTMHCHIBAIONICH MOJENb MPOTOTHITHOTO MEOETbHOTO
m3nems. JUig mocTyna K TaHHBIM MOJENIM U UX PEJAKTUPOBAHUS MCHOJIB3YIOTCS
MPOrpaMMHBIE TPOLEAYPHI, AYOJUPYIONIME OCHOBHBIE BO3MOXKHOCTH PEAaKTOpa
OCAM, BXOJs1IET0 B COCTaB MOJCUCTEMbI ABTOMATU3AIMH 3CKU3HOTO MPOESKTUPO-
BaHUA. PegakTUpoBaHHE JaHHBIX BBIMOJHAETCS C MOAKIIOYEHUEM AJITOPUTMOB
KOHTPOJISI U MCIIOJb30BAaHUEM OTPAaHUYEHUM, MpencTaBieHHbIXx B cucteme KTTO
[82].

Bo3sBpatHoe nmpoekTrpoBaHue oOecreunBaeT MpOBepKy HHHOPMAITHOHHOM
LEJIOCTHOCTH MOJIEJIA MOCJIE BBITOJIHEHUS MPOLEAYPHl PECTPYKTYPU3ALUH U TO-
CIeAYIOUIYI0 €€ KOMOWISAIUIO i ucnoib3oBaHus B cpene CAIIP xopmycHoit
Mebenu. JpyruMu cioBaMu, TpOrpaMMHBIE CPEICTBA, ABTOMATU3UPYIOIIHUE JTaH-
HYIO TPOLEAYPY, 0OecTieunBaoT (PYHKIIMHU MOCT- U Tpenpoleccopa TaHHbIX IS
ATANoOB PECTPYKTYPU3aLUMHU MPOTOTUITHON MOJENH U CIEAYIOLIETO 32 HUM «Tpa-
JUIMOHHOT0» MPOEKTUPOBAHUS MEOETBHOTO U3/IEUs1, COOTBETCTBEHHO.

K nmporpamMHOMy oOecnieyeHHI0 BO3BPATHOTIO MPOEKTUPOBAHUS MOKHO
TaK)Ke «IOJKIIOYHUTH» (DYHKIIMM pacueTa CTOMMOCTH HW3ACNHUS, Ui KOTOPOTO
BBITIOJIHSIETCSI PEMHKUHUPUHT, U MPOLEAYPhl AUHAMUYECKON BU3yaju3allid €ro
koHCcTpyKuuu [83]. Ha 3Toii e cTaguu pallMoOHAIBHO OCYIIECTBISITH GOPMUPO-
BaHUE U MeYaTh JOKYMEHTAIlMH, IPeIHA3HAYECHHON I 0(pOpMIICHUSI pacueTHO-
JIOTOBOPHBIX OTHOIIEHHUH C 3aKa3YMKOM: OTOBOP-3asBKa, HAKJIaAHAS, CIIeH(u-
Kallus ¢ 3CKU30M MeOenbHOTo u3aenus u apyrue [84, 89].

[TocKONIbKY KOHEUHBIM PE3yJIbTATOM MPOEKTUPOBAHUS SIBIISCTCS KOMIUIEKT
KOHCTPYKTOPCKO-TEXHOJIOTUYECKONW JOKYMEHTAIIMU, COOTBETCTBYIOIIME MTPOEKT-
HbIE€ MPOLENYpHI, BBINTOIHsAEMbIE B paMkax TpamunuoHHot CAIIP kxopmycHoit
MeOenu, TakKe JOJKHBI BKIIOYATHCS B 3Tall PEUHKUHUPHUHTA.

Konuenuusa BOIIIT obecieunBaeT METOAOJIOTMYECKYIO 0a3y Jisl OpraHu-
3aMM CTPYKTYPUPOBAHHOTO NOAXOJAa K KOHCTPYUPOBAHHUIO, MPOU3BOJCTBY H
peanuzanuu MeOeIbHbIX M3JETUi, Aenas YIop Ha €ro aJrOpuTMUYECKON CyIIl-
HOCTH. J[aHHBIA MOAXOJ 3aKIIOYAETCA B 3aMEHE TPAJAUIMOHHOM CXEMbI «KOHCT-
pyHpOBaHHE- MPOU3BOACTBO» (puc. 2.9) Ha 0ojiee ONTUMAIBHYIO, HCIOJIb3YIO-
IIyI0 B CTPYKTYpE MpoIiiecca MPOSKTHPOBaHUS 3Tan peurkuaupunra (puc. 2.10).

[Ipu TpaaMUIMOHHOM MOAXO€ KaXKAbIi MPUHATHIA UHANBUIYaJIbHbBIN 3aKa3
MOPOXKJIAa€T HOBYIO LEMOYKY <IPOEKTHUPOBAHUE- MPOU3BOACTBO». Pa3padoTka
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MPOEKTa HOBOT'O W3JENHsI, JaKe€ MPH HCIOJIb30BaHUU (YHKIIMOHAIBLHO HACHI-
nieHHbIXx CAIIP, TpeOyeT A0CTaTOYHOrO BPEMEHHM M HE UCKJIIOYACT CYObCKTHB-
HBIX OIMOOK MPOSKTUPOBaHUS. B onpeneieHHONH Mepe COKPATUTh BpEMs MPOCK-
TUPOBAHUS MMO3BOJISET UCTIOIb30BaHNEe OMOJIMOTEK PaHee CO3/IaHHBIX CTAaHIAPTH-
30BaHHBIX U3aenui (cM. Boime puc. 1.1).

IIpHem 3aKa3op
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- Haknaaueie

@@ -BegomocTH

Hzpeme 2

KoHcTpyHpoRaHHE == 13T OTORIEHHE = P eanH3als

KoHcTpyHpoRaHHe = H3TOTORIIEHHE = Peamzalfs

Puc.2.9. Tpaouyuonnasn cxema npoeKmuposanus u nPoU3600Cmea meoeau
N0 UHOUBUOYAILHBIM 3AKA3AM

OpHako MOMCK MOAXOJSAIIEr0 CTaHIAPTU30BAHHOIO M3ACNIHUS U €ro Jopa-
00TKa Takke TpeOyloT HeMajoro BpeMeHH. Takum oOpa3oM, MpU TOCTATOYHO
OOJBIIOM KOJHUYECTBE MOCTYMAIOIIMUX 3aKa30B KOHCTPYKTOPCKUM OTIEN CTaHO-
BUTCSI «y3KMM» MECTOM, HE IMO3BOJIIOIINM IMOJHOCTHIO 3arpy3UTh ITPOU3BOJICT-
BEHHBIE MOIIHOCTU MPEANPUATHS. DKCTEHCUBHBIA CIOCOO pELIEHUs] 3TOW Mpo-
OJieMbl - MyTEM YBEJIMYEHUS IITaTa KOHCTPYKTOPOB - HEU30€KHO MPUBEIET K
YBEJIUYEHHUIO CE0ECTOMMOCTH MPOAYKIHMH, YTO HEMPHUEMIIEMO B COBPEMEHHBIX
PBIHOYHBIX YCIOBUSIX.

[Ipn cTpykTypu3aumu NpOU3BOACTBEHHOI'O IMPOLECCAa Yallle BCETO 3aKa3
HOBOTO M3JIeNusi He TpeOyeT HOBOTO MPOEKTUPOBAHUS, MTOCKOJIBKY OHO alpHOp-
HO BXOJIUT B OJHY U3 pa3paOOTaHHBIX TEXHOJOTHYECKUX Iernodyek. Bpems BbI-
MOJHEHUSI PEMHKUHUPUHTA U3AEJUS HEBEIIMKO N0 CPABHEHUIO C IIUTEIbHOCTHIO
HOBOT'O MPOEKTUPOBAHHUS, @ CYObEKTHUBHBIE OIIMOKH HCKIIOYAIOTCSI B OCHOBHOM
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Ha JTarne pecTpykrypusanuu. Jpyrumu cioBamMu, N NpHUHSATHIX 3aKa30B «IOPO-
KIarT» K TeXHOJIOTHYecKuX Ienoyek, npuueM K 3HauntenbHo MeHbIne N, T.e.
K<<N. B ganHOM ciyd4ae rjJaBHON 3aJaueil KOHCTPYKTOpa CTAHOBHUTCS paspa-
00TKa HOBBIX MPOTOTHUIHBIX Mojeied mebenu. CMeHa HOMEHKIIATYphl BBINYC-
KaeMbIX H3ACIUNA MPOUCXOAUT €CTECTBEHHBIM OOpa3oM. HOBBIC MPOTOTHUITHBIC
MOJENHN O00aBIAIOTCA B OMOIMOTEKY, a HE MOJIb3YIOIHUECS CIPOCOM - HMCKIIIO-
4aloTCs U3 Hee, He HapyIIas Mpu 3TOM OOIIUIA Mpoliecc MPOU3BOACTBA.

IIpHeM 3aKa3oR

[3axas 1]

Herouka 1

Hzrorornense Peamzarpia

P el pHHT

Hermouka K

[3akaz N H3TroTORNEHHE | Peamizar st

Puc. 2.10. Cmpykmypupoeannasn cxema op2anu3ayuu medeabHo20 npou3e00cmea

Huxe paccMOTpeHbl KOHKPETHBIE CIOCOOBI pEIIeHUs 3aJady PEUHKUHU-

pUHra W3JeNHi KOpIycHOW MebOenu B cucteme Armario m mporpamme Win-
GRAF.

2.2.4. ABTOMaTH3amusl pelleHUs] 33724 PeMHKMHUPUHTA W3AeJUii
KOpIycHO# Mebesin B cucteme Armario

Cucrema Armario, mpeaHa3HadueHHas IS aBTOMATH3WPOBAHHOTO IIO-
CTpPOCHHS MoJiejiell ImKa(oB-Kyle Ha OCHOBE MOJICIBHOTO psja MPOTOTHITHBIX
M3A€IUd C  BO3MOXKHOCTBIO IIUPOKOTO BapbUPOBAHUA KOHCTPYKTHUBHO-
TU3aHEPCKUX TMapamMeTpoB, pa3paboraHa mo 3akazy koniepHa «GARDY »



100

(r. Cankr-IletepOypr). CocTosiHHE IPEANPUATHS HA MOMEHT Havalla peajlu3aiuu
IIPOEKTa ObUIO CIAEAYIOIINM:

MPEUMYIIECTBEHHO BBIITyCKaeMas MPOAYKIIHS . IIIKa(bI-KYyIIE,

TUIT TPOU3BOJACTBA. COUYETAHUE CEPUUHBIX M3AECIHN C U3TOTOBJICHUEM
MeOelIu IO UHANBUAYAIBHBIM 3aKa3am,

00bEM MPOM3BOJICTBA B MHJUBHUIYaJIbHOM CEKTOpE: 10 IIECTUCOT U3Je-
JIMM B MECHIII,

HCTI0JIb30BaHUE CPeACTB aBTOMaTh3auuu. cucteMa «bA3UC» nipu koH-
CTPYUPOBAHUHU U3AECIUN U PACKPOE MaTEpHUAJIOB, IPUEM 3aKa30B — BpYyU-
HYIO.

PyKOBOICTBO HpEeAIPHUATHS, IPHHUMAs PEIICHHE O CO3JaHUN CIUHON aB-
TOMAaTH3MPOBAHHOM LEMOYKH OT IMPHUEMa 3aKas3a 10 Mepeiadd MPOeKTa B MPOH3-
BOJICTBO Ha 0a3e KOHIIEIIMK 0€30IIH00YHOT0 MPOEKTHPOBAHUS U IPOM3BOICTBA
(BOIIII), npeciiemoBaio CACAYIOIIUE LIEJIH;

yBeJIM4YeHHe 00beMa BBIMyCKa M3ACIUN MO WHIMBUIYAJIbHBIM 3aKa3aM
MHHHUMYM B TPH Pasa;

CBEJICHUE€ K MUHUMYMY, BIUIOTH J0 MOJHOM JUKBHUIALIUH, OIIHMOOK IPO-
CKTHPOBAHUS, BBI3BAHHBIX YEJIOBEUCCKUM (haKTOPOM;

BKJIIOUCHHE B €IMHOE MH(OPMAIIMOHHOE MPOCTPAHCTBO IPEATIPUITHS
PETHOHAIBHOW AUIEPCKOU CETH;

ABTOMATHUYECKasl T€HEepalus MaTeMaTHYeCKUX MOJENECH ISl UCTOJIb30-
BaHHS B paMKaXx YK€ BHEAPEHHBIX HA MPEANPUATHU CPEACTB aBTOMATH-
3aIUM.

B mpouecce peanuzanuu paccMaTpuBaeMOTO MPOeKTa ObLITN pa3paboTaHbI
CTPYKTypa ¥ WH(OPMAIIMOHHOE HAIOJHEHUE CHCTEMbI, a TaKKe HEOOXOIUMBIC
nporpaMMHbie MoAy H (puc. 2.11).

JKu3HEHHBIH UK MPOSKTUPOBAHUS U TPOU3BOJICTBA MEOCILHBIX U3ICTUI
METOIO0JIOTHYECKH pa3OuBaeTCs Ha IBa OTHOCHTEIBHO 000COOICHHBIX ATAla.

WHKAHUPHUHT, 3aKI0Yaronmics B (OPMHUPOBAHMHM MOJICIBHOTO psaa
MPOTOTUITHBIX W3JCJIHA W BBITIOJHIEMBI B paMKaX KOHCTPYKTOPCKOTO
oApa3IeACHUS TIPEATPUATHS,

PEUHKHMHUPHUHT, WX TTOJYYeHHEe KOHKPETHBIX MOJCIICH MeOCIbHBIX U3-
nenauit, 6a3UPYIOMMXCS Ha CYIMISCTBYIOIMEM MOJICILHOM PSJIC U YUUTHI-
BalOMUX (PYHKIHOHATHHO-XYI0KECTBEHHBIC TPEeOOBaHMSA 3aKa3UHWKOB,
BBITIOJTHSAEMOE MEHEDKEpaMHU IO MPHEMY 3aKa30B B pacIpeIeiIeHHBIX
MeO€eIbHBIX CaJOHaX.

B kayecTBe mporpaMMHOro oOecreyeHHs 3Tana WHKUHUPUHTA ObLT BbI-
Opan omnucaHHblid Bbilie MoAynb «bA3UC-IlIkad», sBasrommiicss WHBapUaAHT-
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HBIM IIO OTHOLICHHIO K YCJIOBHAM IIPOHU3BOACTBA PCAJIbHOI'O MEOEIILHOTO apea-
IPpUATHA.

MeOensHOE IPOH3BO/ICTEO R
Moayme
¥ MeHeaKepa [
Moayih ep
aIMHHHCTpaTopa BI ITpoTOTHITHA
NP OTOTHITHBIX MOJTEE ...
MO eneH
J| Moayne
BA3HC-IIxad . .
CATIP BA3HC 4 KoHKpeTHbIE MOJENH

Puc.2.11. Oowman cmpykmypa cucmemvt Armario

JlonoTHUTENBHO pa3pabOTaHHBIM MOIYJb aJIMUHUCTPATOPA IKCILTyaTUPY-
€TCSl Ha CTBIKE€ MPOCKTHO-KOHCTPYKTOPCKOTO MOJPA3ACIEHUS, SJKOHOMUYECCKUX
CIy0 M pYKOBOJACTBa MpeanpusaTus. Ero ocHoBHOe Ha3HaueHHe — (popMuUpoBa-
HUE MH(POPMAIMOHHOTO IOJIS Il padOThl MEHEIKEPOB MO MpHUEeMY 3aKa30B B
MeOeIbHBIX CaJloHAX, YTO MPEANOJaraeT BbIMOJIHEHUE CISAYIONIUX OTepallHii:

- co3nanue M aktyanu3anusi bJl 0OBEKTHBIX CTPYKTYPHO-aTPUOYTUBHBIX
MOJI€JIEH TPOTOTUITHBIX U3EIIUM, COCTABISAIOMINX TEKYIIMA MO I€JIbHbBIN
pAO OPEanpUATUS,;

- QopmHupoBaHUE CIHCKA CICIHAIMCTOB, HMEIOMIMX TOCTYH K MOJIYJIIO
MEHEIKEpPa U HAJICJICHUE UX COOTBETCTBYIOIIMMHU MTPaBaAMU;

- ONpeleJICHUE JTUMUTUPYIOIINX 3HAYCHU KOHCTPYKTHUBHBIX MMapaMEeTPOB
1 onrcaHue (HOPMaJIbHBIX aJTOPUTMOB KOMIIMJISAIIMM aOCTPAKTHBIX MO-
TeJIeH;

- ONpEIEJICHUE AJITOPUTMOB PacueTa CTOUMOCTH U3IECINS U €€ CTPYKTYPHI
C Y4ETOM IIEHOOOPa3yIoIIUX 3JIEMEHTOB 3aKa3a W MPUHSATOW CUCTEMBI
MPEeAOCTaBICHUS CKUJIOK.

OOmuii B OKHa MOIYJISI A AMUHHUCTPATOpa IMoKa3aH Ha puc. 2.12.
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DPopmrvposanye pabouns dainoe ana canoHa B il x|

hoge i | MMaparmeTpel | Kopngcal Mpodau | HElI'IDJ‘IHEHHEl qJI:IpHHTHpEll HocTaeka U LEHL | HokYMEHTH M nocTYn |

—Mogenu wkada

OBozHadeHWs |HEI.HMEHDBEIHME |Faﬁapmbl |MM$| hakina |;
r1-01 01 MaaTaHoi wkad ot 800 00 1750mm [11-01 e
[1-02 (2 02 NaaTtaHoi wkad ot 1060 80 2760mm [TH02 ()

M1-02_1 (M 03) 2-x CekUMOHHEIA Wkad lDT 1050 .00 2300mm [M-02_1 (M)

[1-02_1 (M 04) 2-x CerUMOHHEIA Wkad ot 1050 80 2300mm [M-02_1 (TT)

[1-03 () 051 MaaTtaHoi wkad ot 1600 00 2760mm |TH03 () =
—Mogenau TYymE-ernanEIWweH

OBozHadeHWe [HaumeHoBaHME [afapuTel M8 chafina ﬂ
T-hd1 TymEa 2 Awmka 41 7x484=500 T-rAT(2aw)

T TymMeEa 2 AwMka+1 KopamHa 77 2x484=500 T-Cli2aw+1kop)

T TyMBa 3 KOpEKHE 772x484=500 T-C13kop.)

T Tymea 3 Awmka F72x484x500 T-C1(39w)

T-B1 Tymea b kopzErH 1152x484x500 T-B1(Ekop) |
—togeny yrnoesx KoHCONER

OBozHaJeHWs |HEI.HMBHDBE[HHE [aGapuTe Kma dakina

KE-1 KoHcone a1 400 o G50 K01

kE-2 éKDHCD.ﬂb 2 EDT 400 oo 500 K-01

CoxpaHuTe |

Puc.2.12. Oxno mooyns adomunucmpamopa cucmemst Armario

[Tpormecc peHHKMHUPHUHTA MPEICTABIAECT COOOM KOMITHIISIINIO BHIOPAHHO-
IO B COOTBETCTBHHM C KPUTEPHUSAMH IOTPEOUTENSI aOCTPAKTHOTO IMPEACTABUTEIISA
MOJIETIBHOTO psi/la B KOHKpETHOE MeOenpHoe u3nenue. OH peanu3yeTcss B JIBa
stana. HaganpHBIN 3Tanm peanusyeTcs MPpU MOMOIIMM MOIYJIS MEHEIXepa, KOTO-
PBIi MMOJTHOCTHIO a0CTparupoBaH OT CHCHU(PUKH IMPOU3BOACTBA U HE MPEIbIBIIS-
€T BBICOKMX TpeOOBaHUN K KOMIBIOTCPHOW M TEXHOJOTHUYSCKON KBaTU(DHUKAIINI
noJib3oBaTenel. [ 1aBHOe ero HazHAaYeHHUE 3aKITI0YaeTCs B OBICTPOU peanu3aluu
MO’KETaHUH 3aKa3yrKa U UX BU3yaIH3aIliy.

OcHOBHOE OKHO MOAYJII MEHEJKepa IMmoka3zano Ha puc. 2.13. M3 Moaens-
HOTO psja, MOJATOTOBJICHHOTO B MOJYJIC aJMHHUCTpPATOpa, BRIOMpPACTCS MPOTO-
TUITHAs MOJIENb, YJIOBIICTBOPSIONas (yHKIIMOHAIbHBIE TPECOOBAaHMS 3aKa3uMKa.
JIOTIOJTHUTENIBHO, TI0 €r0 JKEJaHHWI0, B COCTaB M3JACIHUSA MOTYT OBITh BKIIFOUCHBI
YIJI0BbI€ KOHCOJIM WM BKJIaJHBIC TyMOBI ¢ simukaMu (puc. 2.14), npoTOTUIIHBIC
MOJCITH KOTOPHIX (POPMHUPYIOTCS aHAJIOTHYHO MOJCISIM CaMOro W3S |
BKITIOYaroTCsA B b/ kKak oT/ebHBIE CTPYKTYPHBIE DJIEMEHTHI.
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Boibop MOAENW CEPHAHOrO WKaha ll
OB0zH. |HEIMMEHDBEIHME [asapuTel | -
1-01 01y MnaTtaHol wkadg o7 800480 1750MM
M-02(C) 02 MnaTaHoi wkadg o7 1060 oo 2760
MH02_1 (M) 03) 2-x CEKUMOHHEIN WKad o7 1050 Ao 2300rMM
MFO0Z2_1 () 04) 2-x CerkuMoHHEIR WKad o7 1050 8o 2300MmM
M-031(C) 05 MnaTtaHoi wkadg o7 1600 no 2760

2 KLIMOHHEIA WKAEd o7 1920 ao 2760w
M-03_1 () 07) 3-x CeKUMOHHEIN WKad o7 1920 ao 2760rmmM
M-03_1(C) 08) 3 CerumMoHHEIN WKad o7 1400 oo E?EUMM;I
—Kopnyc on. 3nemMeHTE Heepu

[ Kozsepex
£ KDJ‘IH'—IECTBDIE vI
™ WnanHaa nonka
WrprHa IZEEID "I! [~ Kocas paccreknoeka

anﬁwHaIEm vI [~ FancTyyHMUE I'IapaMBprll

rMonokeH9e TYME W 3NEMEHTOE B CEKLMWAX

=

Homepa cekuui cneea Hanpaea 1 | 2 | 3 |
TymEkl rir r
Monkd ceTkM - - -
Monwewa ACTT r r r
WTaHrk ana Saprak, r r

j

BrInonHHTE | OTMEHHTE

Puc. 2.13. Oxno 6v1o0opa mooenu 6 mooyie meHeoxHcepa

Boibop MOAENY OTAENEHOH TYMOEI ll
OB02H. |HEIHMEHDBE[HHB [a5apuTE |
T-dA1 TymBa 2 AwMeEa 417=484x500
T-C1 Tymea 2 AwMea+TKopEMHa. 77 2x48 4500
T-C1 TymEa 3 KOpEMHE 77 2xd8 4500
a5 I 1]
TyrSa 5 kopsuH 1152x484E00
TyrBa 5 AuKoE 1152x484x500

LUHpHHa|4B4 v[ FNyGEMHA |aun E
BbII'IDJ'IHHTbl OTMEHHTE |

Puc.2.14. Oxno eévloopa éK1aonoii mymowt
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Jlns BeIOOpa nBepeil B COOTBETCTBYIOIIEM OkHe (puc. 2.15) 3amaercs ux
KOH(UTYpalysi, U BRIOUpAOTCS MaTepualbl. [locieqHUM marom B3auMOJIECHCT-
BUS MCHEIDKEpa C 3aKa34MKOM SIBISETCS (OPMUPOBAHME TaKeTa JOKYMEHTOB
(puc. 2.16), HEOOXOAUMOI0 JUIS 3aKIIOYEHHS JIOrOoBOpa, MIH KOMMEPYECKOI'O
(mpeaBapUTEIHLHOTO) MPEII0KECHHMS.

=
~texaHuEM 1M NpodKHE
TN npaguns IRAUM+?51 j LUeeT npodiina IEEJ’II:'IF‘I j ¥ BydepHas nexTa
~Oeept 1
—Bun ¥
" Bes paccTeknosku
" CeofoaHas
o13-143-143
=121
CO-14-174-14

—MaTepuan 1 Martepuan 2

HanmepHDE:aHMe @ HElHMEpHDEIElHHE

Iﬂcn j ISBpKanD j
LUeeT LeeT

IE":'K j Icepeﬁpu j
FucyHok PucyHok

| 21 | 1)

—MaTepuan 3

HamreHoEaHKME

[ren 3
UeeT

|Bux -l
FroyHok

| gPe
Hazan | Hanee | Bbll‘lDJ‘IHHTbl OTMEHHTbl

Puc.2.15. Okno evioopa osepeii

KoHeuHbIM pe3yabTaToOM PEMHKUHUPUHTA ABISIETCSA MOJTYYEHHE KOMIUICK-
Ta KOHCTPYKTOPCKO-TEXHOJOTHMYECKOW JOKYMEHTAIMU. OTOT 3aBeplIaronIui
sTam mpoiecca npoektupoBanusi peanusyercs cpeacrBamMu CAIIP «bA3UC»,
YCTAaHOBJICHHOW Ha mpeanpusatuu [26, 28, 56, 86] mo moaenu, CKOMIUINPOBAH-
HOM MOJIyJIeM MEeHeKepa U3 BIOpaHHOM MPOTOTUITHOM MO IEIH.

AHaNH3 OIbBITa IKCIUTyaTallMd CUCTEMbI Armario mokasai JOCTHXHUMOCTh
1enel, MOCTaBICHHBIX B Hayasle peaju3alud MPOeKTa, YTO MO3BOJISIET CAENATh
000CHOBaHHBIN BBIBOJ O BBICOKOW HAYYHO-MPAKTHYECKON 3HAYMMOCTHU KOHIICTI-
uuu BOIIIl. BHeapenue B NpOMBINUIEHHYIO 3KCIUTyaTallUI0 MPOTrpaMMHOTO
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KOMILIEKCa, Pa3padOTaHHOTO HAa €€ OCHOBE, TMO3BOJIIO AOCTHYb CIEAYIOUIHX
BaXXHBIX MPAKTHYECKHUX PE3yJIbTaTOB:

- aBTOMAaTH3aIys ¥ YHU(DHUIMKAIKS Tpolecca prueMa 3aKa30oB, CBOIAIIAS
K MUHUMYMY U3JICP)KKH, CBSI3aHHBIC C CYObEKTHBHBIMU OIIMOKAMHU TIep-
COHaJIa, KaK B MpOIecce MpreMa 3aKa3oB, TaK U B TPOIIECCE MOArOTOBKH
UX K POU3BOJICTBY;

- TIOBBIIIEHHE ONEPATUBHOCTHU NpHUEMa 3aKa30B U COTIIACOBAHHOCTH pado-
THl CAJIOHOB MO MPHEMY 3aKa30B C MPOW3BOACTBEHHBIMU TOJpa3Jieie-
HUSIMH;

- obecrneyeHre HEOOXOIMMOTo KadecTBa, 0OOCHOBAHHOCTH M HH(poOpMa-
IIUOHHOM HACBIIIEHHOCTH MPOCKTHBIX PEIICHUM, YTO MO3BOJISET CYIIe-
CTBCHHO YJIYYIIMTh OINEPATUBHO-NIPOU3BOJICTBCHHOE ILIAaHUPOBAHUE,
KOHTPOJIb MCIIOJIHCHUS 3aJJaHUi M MPOBEJICHUE CTATUCTUYCCKOTO aHa-

J3a.
x
UeHa kopnyca, pys. UeHa neepei, pys. Heonyru, pys. WMroro. pye.

g 779453
2153 1137500 20825.52
Co ckdokni (204572 Co ckuoroi |7404.80

Jakazunk  FCnUrd l':PDpMMpDE:aHMe .D.DKHMEHTDEI\ CocTae LI,EHI:I]

Hata varotoenerduwa |20.01.2007 J

HNocraeka Monsem

HaTta nocTaEkH 22.01.2007
CroumocTe aocTaeku 1083000 nys. Arax m * NorodoH

W Mpuropon f Koa
becTo nocTaeku c Mucpt
TOMMOCTE NOAREMA || ¢ HaT
 TYHET |Bopoeuum j
40 pye. &+ [MaccasMporMi
L " Mpy=oe0id
CGopka CrKUAKH
fata coopr [25.01.2007 SeenaTHe [ Hocraeka [ Moater [ Coopka
CTOMMOCTE CHORKM W Cruoka E % Cymma 49740 pys.
125 Pys. [ Hon. ckuaka

BrINoAHKWTE CTHMEHMTE

Puc.2.16. Oxno popmuposanusn 00Kymenmos
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2.2.5. ABToMaTu3aums pelleHHs 3a1a4 PeMHKUHUPUHTA W3AeJuil

KYXOHHOI Medeu ¢ momombio mporpammbl WinGRAF

ITporpamma WINnGRAF npenna3HadeHa Juisi aBTOMaTH3alldU [IPUEMa HH-
JUBUIYaJbHBIX 3aKa30B HA U3rOTOBJIEHUE KYXOHHOU MEOENH U MPOECKTUPOBAHUS
uHTepbepa Kyxuu [ 54, 55]. OHa oOecrieunBaeT BBITIOJHEHUE CIICIYIONMX OCHOB-

HBIX (YHKITUH:

yI00HOE U MpaKTU4Yecku 0e3011M00YHOe 3aM0JIHEHUE O1aHKa JTIOroBOpa-
3asBKH M KOPPEKTUPOBKY €T0 COJIEpKaHuUs MPU HE0OX0UMMOCTH;
OBICTPOE MOCTPOCHUE MACIITAOMPOBAHHOTO TIJIaHA pa3MelleHus MeOeu
Ha KyXHE 3aKa3uMKa IMyTeM BbIOOpa TpeOyeMbIX M3ACIMN W3 MUKTOIrpa-
(hUIECKOTO MEHIO M KOPPEKTUPOBKY IIaHA TTPH HEOOXOIUMOCTH,
JKCIIpecC-pacyeT CTOMMOCTHU 3aKa3a U BBIBOJ, HAa MPUHTEP COIMPOBOIAU-
TEJIbHBIX JOKYMEHTOB, BKJIIOYas JOTOBOP-3asBKYy, HAKJIAJHYIO, IUIaH
pa3mernieHus MeOeau u QPOHTAIBHOE IMPEICTAaBICHUE KYXOHHOTO HH-
Tepbepa,

coxXpaHeHHe HHPOpMAITUX O IPUHATOM 3aKa3e B MHPOpMAITMOHHON Oa3e
C LEJbI0 MOCJIEAYIOIIEr0 €€ UCIOoJIb30BaHus (YHHUKAIbHBII HOMEp 3aKa-
3a, (popMHUpyeMBIi aBTOMATHYCCKH Ha OCHOBE COXPAHCHHOTO TIPEJIbI-
TyIIEro HOMepa 3aKa3a U HoMepa KOMIIbIOTEPa, BHICTYMAET B KaueCTBE
TJIABHOTO KJIIOYa 3aITHCH);

OTKPBITUE paHee MPHUHATOIO 3aKa3a sl MPOCMOTpPa, PEAAKTUPOBAHUS
WJIY Te€YaTH COMPOBOIUTEIbHBIX JOKYMEHTOB;

BBOJI, KOPPEKTUPOBKY M MPOCMOTP 0a30BBIX PaCIICHOK W3JEInii, paciie-
HOK JIJ11 0OJIMITOBOYHBIX MJIACTUKOB, CTOJICIIHUII, KPOMOK, JIEKOpa, Jall
MOEK, PYUeK, OMOop M CTEKOJI, a TaKKe HaJ0aBOK 3a PsiJi KOHCTPYKIIMOH-
HBIX U TEXHOJIOTHYECKUX 0COOCHHOCTEN U3ACIINH,

aBTOMATUYECKYIO0 T€HEepaIuio Mpaic-TUCTOB IS BCEH HOMEHKIATYpPhI
W3JeIUN, MPEJACTABICHHBIX B OMOJIMOTEKE MPOTOTUMHBIX MOJEIEH, C
Y4ETOM 3aJIaHHBIX IIEHOOOPa3yIOIIUX JIEMEHTOB 3aKa3a,

obecrieueHue MapoJibHOM 3alUThl OT HECAHKIIMOHUPOBAHHOTO JIOCTYIIA
K (yHKIHSIM BBOJA M KOPPEKTHPOBKH PACIICHOK, a TaKKE M3MCHCHMS
KPUTHYECKHUX IMapaMeTpOB IporpaMmbl (HampuMep, BEIHMYMHBI Haja0a-
BOK MJIM CKHJIOK K CTOMMOCTH U3JEIINH);

aBTOMaTH4ecKoe (OpMHUPOBaHHE MOAPOOHOH (cOOpOUHOIt) crienuduKa-
UM TIPUHATOTO 3aKas3a, JACTAJU3UPYIOIIEH KaXKI0€ U3Je/IUe B CIEIyI0-
IIMX pa3pesax. TUIOpa3Mep, BEIMYMHBI CBECOB CTOJICIIHUIIBI WIJIM Kap-
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HU3a, TUIBI 00JIMIIOBOYHBIX IJIACTUKOB, KPOMOK M CTOJICILIHUIIBI, TUI U
OpHEHTalUsl PYy4YeK, BEJIMUYMHA MPUCANKU, HAIMYHE U THUIBI CTEKOJI M
T.0.,

- aBTOMaTWyeckoe (OpMHPOBAHHE MPOU3BOJACTBEHHBIX 3aJlaHUM IJIs Iie-
XOB (y4acTKOB), IPEIICTABJICHHBIX CBOJHBIMU BEJOMOCTSMHU JeTaJICH U
GYpHHUTYPHI 3aKa3aHHBIX M3JEIHI U HEOOXOIMMBIX JIS 3alycKa 3aKa3a
B IPOU3BOJICTBO [87];

- OLECHOYHYIO KaJIbKYJSILMIO pacxoja I 3aKa3a HamOoJiee IEHHBIX Ma-
TepHUaJIoB, BKJIF0Yasl OOJUIIOBOYHBIE TUIACTUKH, KpoMKU [IBX, nexopsl u
JCrIT;

- aBToMatmueckoe (QopmupoBanue (aiina ommcanuii s VRML-
reHepaTopa TPEXMEPHOTO U300pakeHHs HHTephepa KyxHH [83- 85].

Pabora mporpammel WIiNnGRAF, B cooTBeTCcTBHH ¢ 0a30BBIM MPUHIKUIIOM
PEMH)XMHUPHUHTA, OCHOBBIBACTCSI Ha MPEABAPUTEIHHO BBHITIOJHEHHON Kilaccudpu-
KallMy U3JIeJIMNA U TTOCIEAYIONIEM UCOIb30BAHUM Pa3pabOTaHHBIX JJISI HUX MPO-
TOTUIIHBIX Mozeseil. Bce u3aenusa KyXOHHOW MeOenn pa3fesstoTcsl Ha JBa J10C-
TATOYHO TPEACTABUTEIBHBIX KJjacca: HAaMoJbHbIE MIKA(BI-CTONBI W HaBECHBIC
mkadel. B cBOIO ouepenp, KaX Al U3 3TUX JBYX KJIACCOB OOBEKTOB pa3AeiisaeTcCs
Ha TOJKJIACCHI, BKJIIOYAIONIUE YIJIOBBIC, MpsiMbie (OpaWUHApHBIE) M JO0OOpPHBIC
(3aBepmaronie HAOOP) U3ICITHS.

JlanbHelas JeKOMIIO3ULUS MHOXECTBA OOBEKTOB BBIMOJHIETCS MyTEM
BBOJIa JIOTIOJTHUTENBHBIX KJIACCU(PUKAIMOHHBIX MPU3HAKOB, HAIPUMED, HATUIHE
y HamoJIbHOTO M3JENHs ONOPHI UK LOKOJIS; TUIl OMOPHI: IEKOPATUBHAS WIH pe-
rynmupyemasi (C HaBeCHOH ITOKOJBLHOM TUIaHKOW) | T.a. B pe3ynbrarte mocienosa-
TEIHHOW peanu3alui JaHHOTO MoaxoAa GopMHUpYETCs uepapxus oOBEKTOB, Ka-
XKIbIM U3 KOTOPBIX MPEACTABISAETCS COOTBETCTBYIOIIEH MPOTOTUIIHON MOJIEJbIO
W3JeNIMsl, ONTMCAHHOW Ha TOM WJIM MHOM a0CTpakTHOM ypoBHE. JlomonHUTENBHO
JUTSL KaKJI0M pa3pabOTaHHOW MPOTOTUITHOW MOJIENTM MOYKET MCMOJIb30BaThCS TaK
HA3bIBAEMBI TUIOPA3MEPHBIN P, (PaKTUUECKH MPENCTABISIONINN TPYIITUPOB-
Ky OJHOTUITHBIX MEOEIbHBIX U3JIETUNA pa3TuYHbIX ra0apUTHBIX pa3MeEpOB.

B GonbmmHcTBe pacnipoctpaHeHHbIXx CAIIP Mebenu npu co3maHuu Mojie-
v u3nenus TpeOyeTcs 3a1aBaTh Bce HEOOXOAUMBIE OOJIUIIOBOYHBIE MAaTEPHUAIHI.
DTO CyHIECTBEHHO OTPAaHUYMBAET pabOTy AU3aliHEpa MO UHTEPhEPY NOMEILECHHUI,
MOCKOJIbKY BOIPOCHI O LIBETOBOM raMme U3IENHUs U CTOUMOCTU OOJUIIOBOYHBIX
MaTepUaJIOB JJIsl HETO PEIIAOTCs, KaK MPaBUJIO, MPU MPUEME 3aKas3a U COriiaco-
BBIBAIOTCS C 3aKa34uKOM. [loaToMy nu3aitHepy Mo MHTEPhEPY YacTO MPUXOAUTCS
(dakTHUecKu mnepepadaThIBaTh MPOTOTUITHBIE MOJCIH C TTIOMOIIBI0 KOHCTPYKTOP-
ckoro MmoayJia CAIIP, 4To mpuBOAUT K 3HAYUTEIBHBIM OTEPSIM BPEMEHU U YBe-
JUYCHHUIO OMIMOOK MPOSKTUPOBaHUs. [|Jis pa3penieHus CI0KUBIIETOCs MPOTUBO-
peunsi TpedyeTcsl pacUIMpUTh TPAKTOBKY MOHATHS «IIPOTOTUITHAS Moaeib» [40].
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B uwacTtHOCTH, CBOICTBa OCHOBHBIX KOMIIOHEHTOB MOJEIA MEOETHLHOTO M3ICIUs
HY)KHO KJacCH(UIIMpOBaTh Kak «PU3HYECKUE» U «HoTpeduTenpckue». Hampu-
Mep, Uil OOJHUIIOBOYHBIX KPOMOK (DU3UYECKUMH XapaKTEPUCTUKAMHU SIBIISIOTCS
UX IIUpPUHA U TOJIIMHA, a TOTPEOUTENLCKUMH - I[BET U IieHa. Ha 3Tame koHCT-
PYHMPOBAHUS U3MIETUS UCIIOJIB3YIOTCS B OCHOBHOM (PU3WYECKHE XapaKTEPUCTHKH,
MO3BOJISIIONINE pa3paboTaTe paboume ueprexu wuzaenus. IloTpedurenbckue
CBOMCTBA MOJICIM HAMOIHIIOTCS KOHKPETHBIM COJICPKAHUEM U aKTUBUZHPYIOTCS
pH MpUeMe WHIMBUIYaTbHOTO 3aka3a, T.c. B nporpamme WINGRAF wmonensb
u3nenus aopabateiBacTcs (a He mepepadaThIBaeTCs) W MOMENIACTCS B MPOCKT
uHTEepbepa [55].

[Ipu mpueMe MHAMBUIYATHHOTO 3aKa3a Ha KYXOHHYIO MeOellb B TIpOrpam-
Me WINGRAF ucrnionb3yercs pa3paboTraHHass OMOIHOTEKa MPOTOTUITHBIX MOJIC-
Jei (MomenbHBIC PSIABI), & B PaMKaX KaKJIOW MOJACIU - THIIOPa3MEPHBIN pSII.
Br16op coOTBETCTBYIOIIETO THUMOpa3Mepa A U3JCHHs BBITIOIHIETCS C MOMO-
b0 THAJIOTOBOTO OKHA, IIPEeACTaBICHHOr0 Ha puc. 2.17.
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Puc.2.17. /luanozoeoe okHo 0111 6b100pa munopazmepa uzoenus

B nanHoM ciyuae B Oubnmoteke mojaeneit BoiOpaHo uznenue «Ctoi yrio-
BOW ¢ BOTHYTOH JIBEPhIO HA HOXKaX (Omopax) Mo BPE3HYIO Yally MOWKH», a JUIs
HEro - CJACAYyIOIIHE THIOpPa3Mephl: BBICOTA Kopmyca - 828 MM, mHUpHHA U TIIy-
o6una - 860 MM, BbicoTa ABepH - 824 M. CorjacHO TEXHOJIOTHYECKUM Tpedo-
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BAHUAM KOHKPETHOT'O MTPOU3BOJACTBA, AJISI JAHHOTO M3JEJIUS HE JONYCKAETCs U3-
MEHEHHEe TabapuUTHBIX pPa3MepoB, MOAITOMY KHOMKH Bpamiateiei B AHATOTOBOM
OKHE HE aKTHBHBI (O0KMpoBaHbl). Ecin e i u3aemust UMeeTCsi BO3MOXHOCTh
M3MEHEHHMs TabapUTHBIX Pa3MEPOB, TO UX 3HAYEHUSI MOTYT 3aJ1aBaThCs KaK C IO-
MOILBK0 KHONOK BpalllaTeNIed, TaK U HEMOCPEACTBEHHBIM BBOJOM B COOTBETCT-
BYIOIIHE I0JIs, HAXOSIIUECS CIeBa OT KHOMOK (ITPH YCTaHOBJICHHOM IMEPEKITIO-
yaresle «HectanmapTHelli THIIOpa3mep»). Ilpu 3TOM HM3MEHEHHE Pa3MepOB BHI-
TIOJTHSETCS MTyTEM YMEHBIICHHS (Kype3KH») COOTBETCTBYIONIMX BEJIMYUH, OTHO-
CAIIMXCS K ONbKaiieMy 00JbIIeMy THIIOPa3Mepy.

Boibop KpbILKA x|

MnacTuk, KPEIWEK W 22 KDOkES

[v EcTb KpbiwWKa Y UsnenHa b
|4E|5 F yronw,. il
|I'IB>< T Yep JaKpeTE
[ MB¥ cnesa [~ MB¥ cnpasa

MMNACTHEM KPEILKM M CTEHKM MHpardi bl OrreHuTE
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495 F yronuw. il
591p il

OTEopToBka ANA KPBILLKW GO BCTAEKON M3 NNACTHES. ..
[v EcTe oTAORTOERS Y KPEILKM ™ Kbk

5591p il

Puc. 2.18. /luanozo6oe 0kHo 013 661600pa 001UUOBOUHBIX NIAACHUKOB
0713 KPbIUIKU Y2]108020 CMOJA

[Tocne 3amaHusi HEOOXOIUMMBIX pa3MEpPOB HU3JENUSA CIEAyeT YTOYHEHHE
«PUBHICCKUX» U KIOTPEOUTEIHCKUX» CBOMCTB, BKJIIOYAs 3aMPOChI OTHOCHUTEIIb-
HO:

- OpHMEHTAllUM BEPTUKAJIBHOW ABEPIIbL: JIEBAsl WM IpaBas, T.. €€ NETIH

pa3MELIEHBI CIEBA WX CIIPABa,;
- OpHEHTAIlMU PYYEK THIA «CKOOa». BEPTHUKAIbHBIE WA TOPU30HTAIb-
HBIE, a TAKX€ 3aJlaHuE MEKIEHTPOBOIO PACCTOSHUSA, T.€. PACCTOSHUSA
MEKAY MPUCAJTOYHBIMU OTBEPCTUAMH MOJ PYUKY;

- BBIOOpa THMA OMOp IJIsl HAMOJBHOTO M3JEIHS. NEKOPATUBHBIX WU pe-
TYJIMPYEMBIX ITO BBICOTE CO Chb€MHBIMHU LIOKOJIBHBIMU [NITAHKAMU;
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- BBIOOpa OOJMIIOBOYHBIX TUIACTUKOB W KPOMOK JJIsi JBEpEH, HAKIAJIOK
AIIUKOB, IIOKOJBHBIX TJIAHOK, OOKOBBIX CTEHOK KOpIyca, 3aJHei CTeH-
KH;

- BbIOOpA THMA KPBIMIKKA (CTOJICIIHUIIBI) IS HATIOJBHBIX M3JCIUN, THUIA
KapHU3a U 00JIMIIOBOYHBIX IJTACTUKOB JJISl HETO Y HABECHBIX W3JICIIHH;

- 3ampoca 0 HeOOXOAWMOCTH yYCTAaHOBKH HAKJIATHOW WIIM BPE3HOH YallH
MOWKH B COOTBETCTBYIOIIME HAMOJIbHBIC U3JICITHS.

[lepeunciieHHbIE BBIIIE 3aMIPOCH PEAIM30BAHbI B BUJE MOCIEI0BATEIHHO-
CTH JMAJIOTOBBIX MOJAIBHBIX OKOH, MPUMEP OJHOTO U3 KOTOPBIX MPEICTABICH
Ha puc. 2.18.

KonudecTBO M BUI AMANOTOBBIX OKOH B IOCJIEIOBATEIBHOCTH MOXKET
BapbUPOBATHCS B 3aBUCUMOCTH OT THIIA M3Jeius (HAmoJIbHOE WM HaBECHOE), a
Takke - OT BBIOOpA MapaMeTpPOB H3JENIH, CACTAHHOTO B MPEABIAYIINX OKHAX
(Hammpumep, B okHe «BBIOOp TUIACTHKOB M KPOMOK IS BEPEH, HAKJIAJOK SIIIH-
KOB U LIOKOJIbHOM IJIAHKHK», IOKa3aHHOM Ha puc. 2.19) [54].
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Puc.2.19. /luanozoeoe okHo 0.1 661600pa NAACMUKOB U KPOMOK
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[Ipu paccranoBke rpaduueckux 0003HaUYCHUN Ha IJIaHE KYyXHHU MpOrpam-
ma WIiNGRAF o6ecrnieunBaeT aBTOMAaTUYCCKUAN pacyeT IMIUPUHBI HECTAH IaPTHBIX
usnenuii (puc. 2.20), BeAss OTCUET OT TOYKHU MPUBSI3KH U3JCIHS 0 OJIMKaMIIero
NPenATCTBHUS (HAIIPUMEP, CTCHBI TIOMEIICHUS WM OOKOBOW CTEHKH COCEIHETO
uznenus). [Ipyu 3TOM YYUTBIBAIOTCSl YCTAHOBJICHHBIC JAOMYCKHU IS HATOJIBHBIX H
HaBECHBIX W3Nennii. HectanmapTHbie BhICOTAa U TIyOWHA W3S 3a1al0TCS B
JMAIOTOBOM OKHE «BbIOOp THIIOpa3Mepa Juist u3aeaus» (cM. Beiie puc. 2.17).
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Puc.2.21. Obuwguii nnan pazmewienus mebeau Ha KyXHe 3aKa34uKa
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[Tomumo pa3mermeHus Tpa@uuecKux 0003HAYCHHN MEOETbHBIX W3ICIIHMA
Ha IUIaHE MOKHO yKa3aTh PacIlOIOKEHHUE JBEPEil, OKOH, CTallMOHAPHOU ra30BoOil
WIM DJEKTPUUYECKOW TUIUTHI M 30H, HEJAOCTYMHBIX JUIS pa3MEIeHUs W3ACTUM
(puc. 2.21). Ilpu 3TOM 3a/laHE MECTOIOJIOKCHHSI YKa3aHHBIX OOBEKTOB Ha TIA-
HE JIOJDKHO MPEUIECTBOBATh PA3MEIICHHI0 0003HAYEHUN MEOENTbHBIX W3ACIH.
C nmoMoIIb0 MHOXKECTBAa HEJOCTYIMHBIX 30H MOXXHO MOJIETUPOBATH TOMELIECHUS
JOCTaTOYHO CJOXKHOW KoH(purypamuu. IIporpamma mpensaTcTByeT YCTaHOBKE
U3JIeNIHs B HEJIOCTYITHOM 30H€E, BblAaBasi Mpeaynpexaniee cooOmeHue.

[Tocne co3manus MmiaHa pa3MElICHUs] MEOETbHBIX M3JENUN Ha KyXHE 3a-
Ka34MKa MOXHO TOJIYYHTh TOYHYK HUTOTOBYKD CTOMMOCTH 3aka3za (KoMaHza
«MTOoro» B TJIaBHOM MEHIO). 3aT€M MOYKHO BBIINIOJIHUTD MPEIBAPUTEIBHYIO OICH-
Ky Ju3ailHa TPOEKTa, MCMOJb3ys OJWH M3 JNOCTynHbIX B cucteme VRML-
opay3seposB (Harmpumep, Cosmo Player uau Cortona VRML). CooTBeTCTBYIOIIHMIA
TEKCTOBBIN (haiiyl, copepKalliuii OMrMcaHue MPOEKTa UHTEephepa KyXHH, aBTOMa-
THYeCKH (popmupyeTcs crienuanbHo paspadoranHeiM VRML-renepatopom [84,
85]. ITociie 3TOr0 MOXKHO pacredyaTaTh (PPOHTAIBHBIN BUJ 3aKa3aHHOrO HabOpa
MeOenr ¢ MPOCTAaBJICHHBIMU pa3zMepaMu JJIsl KaXJAOro M3JAeNus, a TaKkKe KOM-
IJIEKT JTOKYMEHTOB, O(GOPMIISIOMUX TOTOBOPHBIC OTHOIIEHHUS C 3aKa34HKOM.
Komanna «lleuaTe» OTKpBIBA€T NOCTYN K MEHIO CO CIEAYIOIMMU IyHKTaMU:
«3asBka», «Haknangaeie», «Caet-gaktypa.

HNudpopmarnnonnoe «siapo» nporpammbl WINGRAF mipeicraBieHo psiom
CTPYKTYp JaHHBIX, BKJIIOUasi 0a30BYI0 CTATHUKO-AMHAMUYECKYIO CTPYKTYpPY, OMH-
CBHIBAIOIIYI0 HOMEHKJIATYPY CYIIECTBYIOIIMX MPOTOTUIIOB U3JAENIHH, a TAKXKE CTa-
TUYECKUE CTPYKTYPHI MOJCTAIBHO-TIOONEPAIIMOHHBIX CHenupuKanui u3nenui,
¢aiinoB 6a30BBIX PaCIIEHOK U T.J.

Hamonnenne koHKpeTHON MHGOpMaIel yKa3aHHBIX CTPYKTYP BBITIOJIHS-
€TCs 0 Mepe pa3pabOTKK HOBBIX MOJEJIel MeOebHBIX U3/IENINi, pacueTa X ce-
0ECTOMMOCTH U MaTE€pPUATIOEMKOCTH, MOCTYIUJIEHHUS HOBBIX BHJOB MaTepHaOB,
00pa310B KOMIUICKTYIOIIUX U BCTPOSHHON TEXHUKHU.

Nudopmannonnas Moaenb KOHKPETHOTO 3aKa3a MpeCTaBiIeHa COBOKYII-
HOCTBIO CBSI3aHHBIX CHUCKOB. HayabHbIN (FOJIOBHOM) 3JIEMEHT Ka)I0TO CITHCKA
BXOJUT B COCTaB CTATMUECKON YacCTU CTPYKTYpPbI, MPEJACTABIAIONIEH co00il Mac-
CHUB JaHHBIX. XBOCTOBas 4YacTh CIHCKAa MOXET BapbUPOBATHCS IS KaXKJIOTO
3JIEMEHTA 3TOr0 MacCHBa.

NuauBunyanpHBIA 3aKa3 Ha M3TOTOBIICHHE KyXOHHOW Mebenu (Gopmupy-
€TCs Ha OCHOBE OOIIMPHONW OMOIMOTEKH MPOTOTUITHBIX MOJENEH U3AETUN MyTeM
BapbUPOBAHUS MX ra0apUTHBIX Pa3MepoB (MapaMeTpuueckas HacTpoiika), cocra-
Ba M KOJMYECTBA B HaOOpe, BapHMaHTOB OOJIMIIOBKH U JEKOPATUBHOW OTAEIKH
KKJIOT0 M3JENUs, a TaKKe KOMIUIEKTOBAHMS 3aKa3a BCTPOCHHOM TEXHUKOW M
akceccyapamu.
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Kaxpiii a51eMEHT cniMcka NpeacTaBiIsieT KOHKPETHBIM dK3EMIULIP H3/e-
JIsI, OMMUCBIBAEMBIN CTPYKTYPO# O cienyromumu mossivu [ 88]:

ind, ts - HoMepa (MHIEKCHI) U3ICIUSA U €r0 TUIIOpa3Mepa,;
height, width, depth - BricoTa, mupuHa u rryouna usaenus (Mm);

door - BeicoTa nBepu usnenus (MM);

attrib2 - nmokxanpHbIe aTpUOYTHI M3AEIUS, ONPEACIAIONINE HAIHYHE, KO-
JMYECTBO M OPUEHTAIMIO JBEPEH M SIIUKOB U3JICIIHS, BUJ U OPUCHTAIUIO YaIlu
MOMKH U T.I.,

coord X, coord Y - KOOpAHWHATHI «TOYKHU MPHUBI3KH» M3ICTHS HA KyX-
HE 3aKa34YnKa;

orient - opuenrarus uzaeaus (0JHA U3 BOCBbMHU BO3MOKHBIX);

left, right - BenwumHa jeBOro M MPaBOTroO CBeca CTOJCUTHHUIIBI HAMTOJIBHOTO

Y KapHHU3a HABECHOTO M3/1eaus (MM);

back - BemnumHa 3amHEr0 cBeca CTOJCIIHHIBI HAMOJBHOTO W3IEIHUS
(Mm);

karn_w - mupuHa KapHH3a HaBECHOTO U3aenus (Mm);

round - mpHW3HAK CKPYTJCHHS CTOJICIIHUIBI WM KapHH3a (HET CKpyrJe-
HUSI, CKPYTJICHUE CJIeBa, CIIPaBa, CJIeBa U CIpaBa);
left R, right R - pamuychl KpuMBH3HBI Ui CKPYIJICHHS CTOJCIIHHUIIBI

WM KapHU3a cJieBa U cripaBa (MM);
<...> - TOJIs, OTIPEICIISIONINE KOJIbI TUTACTUKOB M KPOMOK JIJISl CTOJICIITHH-
11bI, OTOOPTOBOYHOTO MPOGUIIs, KapHU3a, (PacaTHbIX JIEMEHTOB U3CIUN U T.I1.;
price - croumocts usnenus (pyo.);

remark - mpumedanue (KOMMEHTapHii);
ptr - ykaszarteib Ha CIEAYIOIIMN 3JIEMEHT B CIIMCKE WJIM <«ITyCTON» yKa3a-

Tenb (MpU3HAK KOHIIA JAHHOTO CITMCKA).

[ToMuMO 3TOro Kakaoe M3JeiIHe MMeeT riio0anbHbIN (pomIoBOi) aTpuOyT
attrib, onpenensronwii reomeTpuueckyo GopmMy ero rpapuuecKkoro u3oopaxe-
HUS, HAIMYHUE WIIH OTCYTCTBUE IBEPCH, SITUKOB, YAl MOWKH Y U3ICITHS.

[Tpu mpoeKTUPOBaHNH HHTEPhEpa KYXHU HCIIOJIB3YIOTCS TaKXKE CTPYKTYPBI
OTHMCAHUS PACIIOJIOKEHHS ABEPEH U OKOH Ha KyXHE, Ta30BOM WIIH JJICKTPUUISCKOM
IUTMTHI, 30H, HEAOCTYIHBIX U1 pa3MelleHHus U3aeauii (HampuMep, BBICTYIIOB B
CTeHaX, KOJOHH M T.II.).

st 5 HEeKTUBHOTO MaHUWIYJIMPOBAHUS TEPEUUCICHHBIMU CTPYKTypaMu
pa3pabotana OuOaMOTeKa (yHKIUK (METOAOB), 0OECIEYUBAIOIINX CKAaHUPOBA-
HUE CTPYKTYp, IMTOMCK 3JIEMEHTA C 3aITaHHBIMU CBOHCTBaMH, BCTaBKY 3JICMCHTA U
MepEeHACTPONKY yKa3aTeleH, y1aJieHre JIEMEHTa B Hayasle CIIUCKa U T..
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JUid KanbKyasuuu ce0eCTOMMOCTH M3JENUi, a TaKKe JKCIpecc-pacuera
WX CTOMMOCTH, aBTOMAaTHYECKOTO (POPMUPOBAHUS MPAKNC-IIUCTOB U KOJIMYECTBA
pacxoayeMbix MatepuanioB (ruractukoB, kpomok [IBX, JICTII, JIBII u npyrux)
WCIIOJIB3yETCSl COOTBETCTBYIOMIAs OMOIMOTEKA (DYHKITUHA.

JIoTIOTHUTENBHOM WH(GOPMAIMOHHOW CTPYKTYPOM, HCIOJIB3YIOIICHCS B
NPOSKTUPOBaHUK (MOACITUPOBAHMH) WHTEphepa KyxXHH, siBisetTcs ¢aitn VRML-
reHepaTopa TPEeXMEPHBIX H300pakeHWi. 3amucu JaHHOTO (ailia WMEIT cre-
nyrorui Bug [85]:

<id><xyz><hwd><xlylzZl><a ><urll><url2>,
rae id - uaeHTHUKAIHOHHBIM HOMep (MHACKC) U3MIeIHs;
XY Z - KOOpJIMHATHI LEHTpa U3AEus;
hwd - raGaputHsie pazmepsl u3aenus (BbICOTa, IIUPUHA U TITyOUHA);
X1 ylZzl - BexTOp MOBOPOTA U3JENMS, 3aJAI0LINUNA OCh, BOKPYT KOTOPOH OCY-

HIECTBIIETCS BpAIlICHUE,;

a - yroi moBoOpoTa,

urll, url2 - mecto momoxxenuss Wrl-cbaiina u ¢aiina TekcTypsl u3aenus (B
dopmare JPEG).

Cdopmuposannsiii VRML-renepatopom Wrl-daitn comepxut onucaHue
MHTEPAKTUBHOM TPEXMEPHOU MOJENH MHTEPbEepa KyXHH, MO3BOJISIOUIEH BBIMOI-
HUTH ¢ HeW psia MaHnunyasiuid npu nomomu VRML-Opaysepa, Bkirouasi moBo-
POTBHI BOKPYT OCEM, MPOJOIbHBIC MEPEMEIICHHS, TeOMETpUIecKrue TpaHchopma-
MU U T.J. BO3MOXHO Takke OCYIIECTBICHHE aHUMAIMOHHBIX 3((EeKTOB, Ha-
MpUMEp pacliaxuBaHUE JBEpEeW H3JEIUl, BBIJBHKEHUE SIIMKOB, BKJIIOUYCHHE
MOACBETKH, pa300pKa U3JEIUs Ha COCTABISIONINE €r0 NETAIU U T.1I.

Takum o6pazom, mporpamma WINGRAF pemaet psig OCHOBHBIX 3ajad pe-
WHKUHUPHUHTA B YCJOBHUSX MO3aKa3HOTO MPOMBIIUIEHHOTO MPOU3BOACTBA KY-
xoHHOW MeOenu. [Ipu 3TOM Hcnonb3yercss 000OIIEeHHAass MPOTOTUIIHAST MOJENb
W3MIeNusl, IpeACTaBICHHAs PSAIOM WH()POPMAIMOHHBIX CTPYKTYp, MpeIHa3HAUCH-
HBIX IS XPaHCHUS JIAHHBIX O CBOMCTBaX (aTpuOyTax) U3ACIus U UCIIOJIb3yEeMbIX
MpU TUHAMUYECKO# Bu3yanuzanuu ero Mmojenu. CoBokynuocts KTTO peanuzo-
BaHA AJITOPUTMUYECKH, T.€. MPEJCTaBIeHA MPOTPAMMHBIM KOJOM M COOTBETCT-
BYIOIIMMHU TaOJUIIAMHU 3HAYEHUM mapamMeTpoB u3aenuii. [1ogo0HbBIN moaX0a mo-
3BOJISIET U30€XKaTh MHOTUX CYOBEKTHUBHBIX OIIMOOK, CBSI3AHHBIX C U3MEHEHUEM
MapaMeTpoOB KOHCTPYKLMH B 33JJaHHBIX T€XHOJOTHMYECKHUX YCIOBUSX, MIPU MpHUE-
M€ MHIUBHUAYaJbHBIX 3aKa30B HAa M3rOTOBJIEHUE KYXOHHOW MeOelH U MpPOEKTH-
POBaHUU UHTEPhEPA KYXHHU.
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2.3. CucreMa KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX TPeOOBAHUH 1
OrpaHUYeHM I

Baxubim snementoMm koHuenuuu BOIII siBisieTcst BKIIrOUeHUE B MPOTO-
TUTTHBIE MOJICNIN U3JeNINii, POPMUPYEMBIX HA dTare HMHXUHUPHUHTA, 0000IIIeHHOM
unpopmaruu o KTTO, xoTopast mpeacTaBisieT coboit BeiOopky u3 BJl, comep-
KaIIyl0 CTPYKTYPHUPOBAHHBIA U aOCTParupoBaHHBIN OT CEM(UKU KOHKPETHO-
ro MPEAIPHUITHS MTEPEUYCHb NPEAECIbHBIX U ONTHUMAJIbHBIX NAPAMETPOB, a4 TAKKE
(GhOopManbHBIX AITOPUTMOB KOHTPOJISI COOTBETCTBUSI MOJCIIU ATUM TTapaMeTpaM.

Ucxoas u3 sroro, marematruueckas monenb KTTO nomkHa sBIATHCA
CTPYKTYPHO-aTpUOYTUBHON MOJENbIO B CHIIy HEOOXOJUMOCTHU HUCIOIb30BaHUS
Ha dTane WHKWHUPUHTA U OOBEKTHO-OPMEHTHPOBAHHOM, TaK KaK BKJIIOYACT B
ce0s He TOJBKO 3HAYEHHUs IMapaMeTpOB, HO U METOJbl pealn3alui KOHTPOJIS
0€301IM00YHOCTH.

B mpouecce peMHKMHUPUHTA, NPU MTOHWKEHUU YPOBHS aOCTPAKLHH MO-
JeNd U3JeNns, MPOU3BOANTCA 3aMeHa GopmanbHbIX mapameTpoB KTTO daxTtu-
YECKMMHM ITapaMeTpaMu MPOEKTUPYEMOIO MU3JEIUS C aBTOMATUYECKUM IOJIKIIIO-
YEHHEM METOJIOB COOTBETCTBYIOILIETO YPOBHS, MHKAICYJIUPOBAHHBIX B MOJEIb.
D10 TO3BOJISET (POPMHUPOBATH ABTOMATHYECKHUE MPOCKTHHIE OINEpaIluu, peau-
3YIOIIAE KOHTPOJIb KOPPEKTHOCTH UCIIOJHUTEIBHBIX KOOPAUHAT U3 ICIIHS.

CxemaTtnyHoO€ MpeAcTaBiIE€HUE CTPYKTYpHO-aTpuOyTuBHOU Monenu KTTO
MOKa3aHo Ha puc. 2.22.

CoctaBubie yactu cuctembl KTTO knaccuguiupyroTcs Ha TPYMIBI 10
TPEM KPUTEPUSIM:

- peakuus CUCTEMbl HA BO3HUKHOBEHME KPUTHYECKOW CUTYalUH. periia-

MEHTHUPYIOIIME U PEKOMEHIYEMBIE;

- JTall, Ha KOTOPOM PEATU3YIOTCS MHKAICYJIUPOBAHHBIE METOJbI: KOHCT-
PYKTOPCKHE U TEXHOJOTUYECKHUE;

- CTPYKTYpHO-(QDYHKIIHOHAJIBHBIA 37eMeHT Moaermn KMUA, sBastonuiics
oobekToM JeicTBus dnemenTa KTTO: nuctoBoil Marepuai, MOroHHbBIN
MaTepuall, 3JIEMEHT CONPSKEHUsI, 000pY/IOBAHUE U UHCTPYMEHT.

Pernmamentupyromue orpaHudeHUs MPEAINOJIATAOT HEJOMYCTUMOCTh BbI-
XOJI0B 3HAYEHHM KOHTPOJIMPYEMBIX NApaMETPOB 3a AMANA30H JOMYCTUMBIX 3HA-
yeHui. OHM MPEephIBAIOT BHINOJHEHUE MPOCKTHOM ONEpalyH A aBTOMaThye-
CKOI'0, aBTOMATH3UPOBAHHOI'O HIIH «PYYHOT0» (HEaBTOMATHU3MPOBAHHOI'0) HU3Me-
HEHMS 3HAYECHUU T€X WIM MHBIX mapaMmeTpoB uiznenus. [Ipumepom pernameHTH-
pytomux KTTO sBnsitoTcs OrpaHWYeHHs HA MaKCHUMAaJbHbIA MPOJIET TOPU30H-
TaJbHOU MEPEropoAKd 0e3 BEPTUKAIbHON ONMOPHI WIM HA MUHMMAJIbHOE 3Haye-
HHE OCTPOrO yrIjia NMTOBOTO 3JIEMEHTA.
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JIHCTOBBIE MATEPHAILI (= ANTOPHTMEI
> PermaMeHTHpPVIOLIHE
IIoroHHbIE MATEPHATIBI =
INMEMEHTE] COTPSDKEHHT = KTTO
ObopyaoraHHe |
H HHCTPYMEHT = PeKoMeHyeMbIE
KoHCTpYKTOpCKHE TexHomorH4ecKHe
BsaumHoe I"'abapHTbI I'eomMeTpHA
ConpsereHHA OITHILI
PACTIONOKEHHE | | IEMEHTOR ITHTOBBIX rp 2 M
371eMEHTOR H CeKI[Hi 37I€MEHTOR SUD.1 s 1) KPOMROH

Puc.2.22. Cxemamuunoe npedcmasienue cmpykmypHno-ampuoymusnoit mooeau KTTO

PekoMenayemble OrpaHUYEHUs, B OTIMYUE OT PETJIAMEHTUPYIOIIHUX, SB-
JIAIOTCS IO CBOEH CYTH MPENYNPEKICHUAMU MPOCKTUPOBIIUKY O HEXKEIATECIBHO-
CTH NIPUMEHEHUS OIPEICIICHHBIX MPOEKTHBIX perieHnil. OHM TakKe MPEephIBAIOT
BBITTOJIHEHHE TTPOEKTHOM OMepalu, HO OCTAaBJIAIOT pelieHre 00 U3MEHEHUH 3Ha-
YEHUN KOHTPOJIUPYEMBIX IMApaMETPOB 3a MPOEKTUPOBIIUKOM. [Ipumepamu pe-
koMmeHayembiX KTTO sBisitoTCS OrpaHUYEHHs] HAa TUIOPA3MEPhl IJIEMEHTOB M3-
JIeIUS UM Ha COOTHOIIIEHUE BBICOTHI U IITyOUHBI U3J1EIHS.

B cooTBeTCcTBUM C IByMSI OCHOBHBIMM 3TallaMu IIPOEKTUPOBAHUS MEOEITb-
HBIX M3JIeJIUiA, KOHCTPYKTOPCKUM U TexHojornueckum, KTTO nonapasaenstorcs
Ha J1Ba COOTBETCTBYIOIIUX Kjacca. KOHCTpYKTOPCKHE OTpaHMYEHUSI CBA3AHBI C
F€OMETPUUYECKUMHU XAPAKTEPUCTUKAMHU OTACIbHBIX IIMTOBBIX JJIEMEHTOB, HX
B3aMMHBIM PaCIIOJIOKCHUEM M (PYHKIIMOHAJIBHBIM Ha3HA4YCHUEM. TexHoJornye-
CKHUE OrpAaHWYCHUS OPUEHTHPOBAHBI HA COOTBETCTBHUE MPOCKTHBIX OMNEpaIdil
UMeEIoIeMycsi 000pY0BAHUIO U TEXHOJIOTUUECKUM MPOIIECCaM U3TOTOBJICHUS.

OrpaHnuyeHusi, CBsI3aHHBIE C TEOMETPUUECKUMU XapaKTEPUCTHUKAMU 3Jie-
MEHTOB MOJEIU U3JICINS, HOCAT KOMIIJICKCHBIA XapaKTep U UCMOIb3YIOTCS B Me-
TOJAaX, peallu3yeMbIX Ha 000X 3Tarnax MpOeKTUPOBAHHUS.

JlaHHBIE ¥ METO]Ibl, UHKATICyJupoBaHHbie B Mojeiab KTTO, cBa3ansb ¢ or-
PEACICHHBIMUA CTPYKTYPHO-(QYHKITMOHATBHBIMU 3JICMECHTAMH MOJICITH H3ICITHS,
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MIPH ATOM YacTh U3 HUX OTHOCUTCS K DJIEMEHTaM OTpeIeJICHHOM TPYIIIbI, a ApY-
ras 4acTb — K aCCOIMATUBHBIM CBSI3IM MEXKIY PJI€MEHTAMU Pa3HbBIX TPYIIIL.
OynkuuoHanbHO Kaxablil anemenT Q MmHoxectBa KTTO B 0o6wmem ciy-

yae TpeACTaBiIsIeT cOO0M 3aBUCMMOCTh BHJA:
Q=F(X)=F(M,K_,F.,S),
rie M| — XapakTepuCTUKM JIMCTOBBIX MATEPHAIIOB, UMEKOIMX OTHOLICHHE K

cepe nmeiicrBus nanHoro snementa KTTO,;
K., — XapakTepUCTUKH KPOMOYHBIX MAaTEPHUAIIOB,;

Fk — MHOJXXECTBO 3JICMECHTOB CONPSKCHUT,
Sn — XapPaKTCPUCTHKH UCIIOJIB3yCMOI'O O60pYI[OB3HI’I$I.
B 3aBucuMocTH OT THIIA KOHKPETHOTO 3JIEMCHTA QI 4aCcTb aprymcHTOB B

YKa3aHHOM COOTHOIIIEHUU MOTYT UMETh HEONpPEACJICHHbIE 3HAYEHHUS, YTO COOT-
BETCTBYET OTCYTCTBHIO BIMSHHS JAHHOTO apryMeHTa Ha BBIITOJIHEHHUE COOTBET-
CTBYIOIIMX METOJOB.

OO0bexkTHO-OpueHTHpOBaHHbIN XapakTtep Mogenun KTTO mnpenmonaraet
MHKAICYJSIIHUI0 METOAOB KOHTPOJISI pe3yJIbTATOB BHIMIOJIHEHUSI MPOEKTHBIX OIle-
pauuii ompeaeseHHOMY HMHTEpBally 3Hau€HW. B cuiy 3TOro, Kaxkablii MeETO.
MMEET JIBE COCTABJISIONINE. alTOPUTMBI KOHTPOJISI M Ha0op (opManbHBIX Tapa-
MeTpoB. Peanuzanuss METOJOB OCYILECTBISAECTCS Ha 3Tane peMH)XUHUPUHTA ITy-
TE€M MOJCTAHOBKHU PEAIbHBIX MPOEKTHBIX 3HAYEHUN HA MECTO COOTBETCTBYIOIIHUX
dbopmanpHBIX TapamMeTpoB. B pazpaborannoit momenun KTTO omnpenenstorcs
CJIeAYIOUIUE TTapaMeTphl U ONEpaLUn:

- TpejeNibHbIC 3HAYCHHS BHYTPCHHUX U BHEITHUX OCTPBIX YTII0B, (haCOK H
paguyCcOB UIUTOBBIX 3JIEMEHTOB KaK C TOUYKU 3PEHUS Pealu3aluu cOoOoT-
BETCTBYIOIIECH KOH(UTYpalyu, TaK ¥ C TOYKH 3PSHUS BOSMOKHOCTH 00-
JUIOBKU UX COOTBETCTBYIOIIUM KPOMOYHBIM MaTepUATIOM;

- MpeleibHbIe pa3Mepbl TOPU3OHTAIIBHBIX U BEPTUKAIBHBIX MEPETOPOJIOK,
YYHUTHIBAIOIINE CIIOCOOHOCTH BBITIOJTHEHUS UMW CBOETO (yHKIIMOHAIb-
HOT'O Ha3HAYEHMS U BO3MOXXHOCTh M3TOTOBJICHUSI U3 MMEIOUIUXCS 3aro-
TOBOK;

- MUHHUMAJIbHBIC TEXHOJIOTUYECKHE M (DYHKIIMOHAIBHBIC 3a30pPhI B3aMM-
HOT'O PacIoj0XeHHUs IUTOBBIX 3JIEMEHTOB,

- HMHTEpPBaJbl JOMYCTUMBIX 3HAUYEHUI B3aMMHOTO PACMOJI0XKEHUS IIUTO-
BBIX 3JIEMEHTOB U 3JIEMEHTOB COMPSIKEHHUS,

- JIUCKPETHBIE PsiAbl Pa3MEPOB BHYTPEHHUX IMOJIOCTEH MpPU YCTAaHOBKE B
HUX CTaHJIAPTHBIX OJIOKOB,;

- PEKOMEHJyeMbIE€ THUIIOpPa3MEpPbl IMIUTOBBIX AJIEMEHTOB W TrabdapUTHBIX
pa3MepoB U3AEIIHUS;
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- COOTBETCTBHE IMAapaMETPOB DJEMEHTOB COMPSIKEHUS U MPODUIBLHBIX
CUCTEM MPUMEHSEMBIM MaTepualam,

- KOJIMYECTBEHHbICE M WHTEpPBAJbHBIE MapaMeTPhbl YCTAHOBKH 3JIEMEHTOB
CONPSIKEHHUS C YYETOM MUHUMH3ALUK MIEPEYCTAHOBOK 000PYIOBaHUSA;

- OTCYTCTBHE OTKPBITHIX HEOOJIUIIOBAHHBIX KPOMOK MaHENEH.

Takum o6paszom, npemiaraemas moaenb KTTO, abGctparupoBaHHas OT
TEXHOJIOTUYECKUX aCIeKTOB MPOU3BOACTBA, SBISETCS OCHOBOH (OpPMHpPOBAHMUS
ABTOMATHYECKHUX MPOEKTHBIX ONMEpaluil AJIsi KOHTPOJISI KOPPEKTHOCTH HCIIOJIHU-
TEIbHBIX KOOPJIMHAT B MPOLIECCE PEMHKUHUPHUHTA. Bo3MOXHOCTH TapaMeTpuye-
CKOH ajamnTaiiu, 3aJ0KEHHbBIE B €€ CTPYKTYpPY, MO3BOJIAIOT (OpPMHUPOBATH 0a3bl
nanubix KTTO, anekBaTHO oTpaXkarolue 0COOEHHOCTH pealu3alui TeXHOJIOTH-
YECKHUX MPOLECCOB HA KOHKPETHOM MEOEIIbHOM MPEeANPUITHH.

baza nanubix KTTO npeacraBisier co00i CTPYKTYpHUPOBAaHHOE MHOMXKECT-
BO (pOpManbHBIX MIPABUJ U OTPAaHUYCHUH, YKPYITHEHHAs CTPYKTypHas cXeMa KO-
TOpo# mpuBeaeHa Ha puc. 2.23. OHa BKIIOYAeT B ce0s OJWHHAIIATH OTHOIIE-
HUH, 00BbEAMHEHHBIX CBA3SIMH BHJa «0auH-KO-MHOrEM» (1:N), mcrosiab3oBaHHe
KOTOPBIX MO3BOJISIET UCKITIOUYUTh HEOOXOUMOCTh CBA3YIOIIMX OTHOUICHHUN.

OtHomenne «O00pyAOBaHUE» COACPKUT MPEAEbHbIE 3HAUEHUSI KOHTPO-
JUPYEMBbIX NTapaMeTPOB, MPUYEM B 3aBUCUMOCTH OT THIa 000pPYAOBaHUA U MPHU-
MEHSIEMBIX TEXHOJIOTHMYECKHUX MPOIECCOB OTACJbHBIE MOJs OTHOUIEHUS MOTYT
ObITh HEolpeaeaeHHbIMU. Hanpumep, mpuMeHeHre Ha MPOU3BOJACTBE MPUCAI0U-
HBIX CTAHKOB MPEABABISICT ABa GOPMAIBbHBIX TPEOOBAaHUS K YCTAHOBKE KPETIeK-
HOM W IEKOpaTUBHOU (QYpPHUTYPHI: KPAaTHOCTh 32 MM PACCTOSTHUI MEXKIy COCe-
HUMH OTBEPCTUSIMHU M MUHHUMAJIbHOE KOJMYECTBO TEXHOJIOTHMUECKUX MEPEXOJ0B
1 YCTaHOBOB 000PY/IOBAHMUS.

OtHomenue «Kpemnex» OMUChIBAET CTPYKTYPY y3Ja COMPSHKEHUs, BKIIIO-
yasi mapaMeTpbl 000ONIEHHBIX OTBEPCTHH, a TaKKE€ OTpaHUYEHHN HA B3aMMHOE
PaCIOJIOKEHUE FIEMEHTOB COMNPSIKEHUS KaK OTHOCHUTENIBHO JIPYT Jpyra, Tak U
OTHOCHUTEIBHO COMPITaeMbIX IIIMTOBBIX 3JIEMEHTOB.

B otHomenne «CornpsikeHre» BXOAAT JaHHbIE 00 OrpaHMYEHHSIX, HaKIa-
JBIBAEMbBIX MMEIOIMMCS 000pyJOBAaHUEM, U TMpPaBHIIAX HCIOJIb30BAaHUS JOTMOJ-
HUTEJIBHOTO U albTEPHATUBHOTO BUAOB Kpemexka.

OtHomeHne «MaTepuanb» COACPKHUT TONIIUHY U TUI MaTepuasioB (Jiuc-
TOBOM, IOTOHHBIN, KPOMOYHBIH).

OTHo1IeHHE «AJNTOPUTMBID» OMPEACIISIET CTOCOOBI MO3UITMOHUPOBAHUS Y3-
JIOB CONPSIKEHUS B 3aBUCUMOCTH OT MapaMeTPOB COMPATAaEMbIX 3JIEMEHTOB, OIl-
penensieMble TpaHULAMU JIMHEHHBIX MHTEPBAJIOB, KOJIMYECTBOM 3JIEMEHTOB Kpe-
ne)ka Ha KaXJIOM U3 HHUX, a TaK)XKE yKa3aHHeM O crocobe 0a3upoBanus (0T 3aj-
HEr0 cpe3a U3Aenus, OT MEPEAHEr0 Cpe3a U3MENHs, OT CEPEINHbI JIMHUUA B3auM-
HOTO HAJIOKCHHUSI COMPATACMBIX 3JIEMEHTOB). ATpuOyT «KoHdurypamus» moka-
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3bIBA€T CTEMEHb OTKIOHEHUS TMOJIOKEHUS y3J1a COMPsDKEHUs OT 6a30BOM 0ceBOM
JUHUH, OMPEIeNIeMO MPEAbIYIIUMHU y3JIaMH COMPSDKEHUS, TIPH KOTOPOH OH

MNO3UIUOHHUPYETCA HA JAHHYIO JIHMHHUIO.

O00pYAOBAHHE Kpenex ConpsoreHHe @]
ID OdopynoeaHHe ID Epenex _L ID ComnpstreHue
&; THII ID AnropHTM T ID Epenesx
ITapameTphl — ID MarepHan ID ObopyaoBaHHe
HaHmeHOB aHHe JLOTONHHTeNEHBIH
CedeHHe ATNETepHAaTHEHBIH
Pasmep Ty GHHa
[ _|ID PazmMephl THIT COMpPSTEEHHS ATNTOPHTMBI
ID ObopyaoBaHHe PHCYHOK L ID ANTopHTM
ID MarepHan IlosHinA
T"aGapHThI MarepHarb! HuTepparn
PajIHyChI — 1D MatepHan KoMH4eCTBO
VI HaumeHOBaHHE K OH(HIypaLys
TommHHa
TH MexaHHM
T'eoMeTpHA ID MexaHH3M
ID TeomerpHs
s QOHIIOPKA ID TIpogHte
— 1D PasmepbI — ID MarepHan
ID OOmHIoEKa
— ID CraHaaprt — ID I"'eoMeTpHA
— ID MarepHan
CeKImHA Iloapeska
— ID Pasmepsl
OMopEI 3armyGieHHe
EPy— ID ObopyaoBaHHe P
P BHAHMA KpOMKA €1aKTHPOR aHHe
CraHnapt CKpbITast KpOMKa
IIpods
_{ID Cranpapt Criocod oOIMHIIOBKH
ID TIpods
ID ConpsereHe
I ID MatepHan
@g ALHK
BHA coeqHHEHHA
TymOa
Iloapeska
DIIeMEHT

Puc.2.23. Ykpynuennasa cmpykmypnasn cxema b/ KTTO

OtHomienue «Pa3zmep» comepKuT uHGOPMAIMIO O JOMYCTUMBIX U PEKO-
MEHIyEeMbIX 3HAUEHMSIX TradapuTOB U3JETUS U 3JIEMEHTOB BHYTPEHHErO HAIoOJI-
HEHHUSI, a TAKXKE O MPEJICTbHbIX 3HAYCHUSIX BHYTPEHHUX U BHEUIHUX PAgUyCOB U
YIJIOB KOHTYpa IIIUTOBOTO 3JIEMEHTA.
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OtHomenue «I'eomeTpusa» —HTo HAOOP JAHHBIX O JOMYCTHUMOM B3aHMHOM
PacIOJIOXKEHUHN HIMTOBBIX AJIEMEHTOB (C 3a30paMu Win 0e3 HUX) M UCIOJb3Yye-
MBIX CTaHJIAPTHBIX OJOKaX, KOTOPhIE B CBOIO OYEpPEb MOTYT MPEACTaBIATH CO-
00 (QPYHKIIMOHAIHHO 3aBEpIICHHBIE MOJEIN MEOETbHBIX H3EIHi, KOTOPHIE B
MPOCKTUPYEMOM H3JIEINU PacCMaTPUBAIOTCS KaK €aMHOoe Ienoe. ATpuOyT
«OMmops» conepKUT UH(POPMAIHIO 0O KPUTUUECKUX pa3Mepax IMUTOBBIX dJIEMEH-
TOB, TIPU TIPEBBIIICHUN KOTOPHIX TpeOyeTcs yCTaHOBKAa MOMOJHUTEIBHBIX dJe-
MEHTOB KECTKOCTH, a TaKXke 00 WX BUJE M CIIOCOOE YCTAHOBKH.

OtHomenne «CTaHAApT» OMHUCHIBAET CTPYKTYPY CTaHIAApTHHIX OJOKOB,
TUITHYHBIMH TIPEICTABUTEIISIMUA KOTOPBIX SBIISIOTCS BBIJIBUKHBIC STITUKH, BBIKAT-
HbIe TyMOBI M TIOKYIHBIE 3JeMEHTBI. K CTaHIapTHBIM dJIEMEHTaM OTHOCSTCS
Tak)Ke SJIEMEHTHI, BKIIFOYaeMbIe B MOJIENIb M3JEIHUS LETUKOM C COMPSIKEHUEM C
OJHUM HJIM HECKOJbKHMH IIUTOBBIMH JJIEMEHTaMHU WM Oe3 compspkeHus (Ky-
XOHHBIC MOMKH, CETYAThIC MTOJIKH, BHIIBUKHBIC Tajiepen).

Otnomenne «OOMUIIOBKAa» BKIOYAaET B ceOs1 mHPOpManuio 00 0OJIUII0-
BOYHBIX MaTepHajax, UCIOIb3yEeMbIX Ha JIMIICBBIX M CKPHITHIX KPOMKAX IMaHENCH,
a Tak»e 0 croco0e 0OJUIIOBKH.

OtHomenust «Mexanuzm» U «IIpopunp» akTyalbHBI TOJBKO YIS OMpee-
JICHHBIX BUJOB MEOETbHBIX W3JEIUNA M OMUCHIBAIOT MapaMeTpbl 000OIIEHHBIX
MEXaHU3MOB pa3ABHKCHUSA (IPU HAJUYMKM B W3JCIUU Pa3[BIIKHBIX IBEpEH) H
0000mIIeHHONW TPO(UIBHOW cHCTeMbl (MPU HAIWYMK B W3JCIHUU JBEPEH IMPO-
GbWIbHON KOHCTpYKIHHK). ATprOYT «Iloape3ka» B TaHHBIX OTHOIICHUSIX OIpEIe-
JISIeT BEJIMYMHY, HA KOTOPYIO YMEHBIIIAIOTCS pa3Mephl BCEX DIIEMEHTOB BHYTPEH-
HETro HAIMOJIHEHUS W3JENUs MPU YCTAHOBKE Pa3JBIKHBIX ABEPEH WM MPOQUIIh-
HBIX KOHCTPYKIIHH.

2.4. O0beKTHO-OpHeHTHPOBaHHOe nMpoekTUpoBanne KMUA

KoHuentyanbHass MOJENb JHOOOTO MPOESKTUPYEMOTO H3JENUsi COCTOUT M3
SJIEMEHTOB U CBSI3€d MEXIy HUMH, MO3TOMY (HOpPMaIbHO MOXET OBITH OMHMCaHa
MHOYECTBOM YIOPSAIOUYCHHBIX Tap:

S=<N,R>,
raie N ={n} — MHOXecTBO 37eMeHTOB U3JeTus (LIIUTOBBIC 3JIEMEHTHI, cOOPOU-

HBIC CAMHMUIIBI, SJIEMEHTBI KPETICKHOU U JICKOPATUBHOW (QYPHUTYPHI U T.1.);
R={r} — MHOXecTBO cBsizeil (OTHOIICHMI) MEXIy nMeMeHTaMu N (mpo-

XOJIHBbIC BEPTUKAIbHBIE MIEPETOPOIKH, HaKIaJHbIe (hacajbl, pacrallHbie WA pa3-
JIBYDKHBIC IBEPHU U T.1I.).

Takum 00pa3om, KOHIENTyaIbHAST MOJAEIh MPOTOTUITHOTO M3JCIHS TPE/-
CTaBJISIET COOO0M HEKOTOPYIO (hOpMaTbHYIO CTPYKTYPY M3 2JIEMEHTOB MHOXECTBA
N, MeX1y KOTOPBIMH YCTAHOBJIEHBI OTHOIICHUS R.
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AHanuTH4YecKas MOJEIb MPOTOTUITHOTO MEOETBLHOTO M3/ICTUS COCTOUT U3
TPEeX B3aMMOCBSI3aHHBIX W B3aMMOJIOMOJHSIONINX APYT Apyra moneiei [63, 69,
89]:
P=M_,UM_UM,,.
rae M, —KOHCTpYKIMOHHAs MOJEIb MPOTOTUITHOTO OOBEKTA,
M —MoJeIb y3/10B CONPSKEHUS,
M, —Mozens KTTO.

Kaxnmas u3 3TUX 0OBEKTHBIX CTPYKTYPHO-aTpUOYTUBHBIX MOJEJeH mpen-
CTaBIsIET COOOM CYyNEepHO3ULIMIO JBYX CYIIHOCTEH: 00BEKTHO-OPUEHTUPOBAHHOM
U CTPYKTYpHO-aTpUOYTUBHOMU, MpHUYEM TEpBas U3 HUX HOCHUT YHUBEPCAIbHBIN
XapakTep U ABIsSETCs oOLIeH 1 Bcex MoJesel. B oTnuuune oT Hee, CTpyKTYpHO-
aTpuOyTUBHASA CYUIHOCTh KaXKJI0M MOJIENN SIBJISIETCS YHUKAJIBbHOU U HECET B ceOe
XapaKTepHbBIE YePTHl COOTBETCTBYIOIIETO OOBEKTA.

O6o006menHoe (hopMaTbHOE OMHCAHUE MOJCIH OOBEKTA C TOYKH 3PCHUS
00BEKTHO-OPUEHTUPOBAHHOTO MOAX0JIa MOXKHO MPEICTaBUTh B BHJIE YIOPSIO-
YEHHOW TPOVKH MHOYKECTB:

rae A — JaHHbIE, ONUCHIBAIONINE OOBEKT;

Sj — CBOMCTBA, KOTOPBIMHU 00J1a/1aeT OOBEKT;

F. —MeTonbl peanu3aluy OTAENBHBIX CBOMCTB OOBEKTA.

Bricokuii ypoBeHb aOCTparupoBaHUs MPU HHXUHUPUHTE HE TMO3BOJISET
MPOLIEAYPHO PEATU30BATh PsAJl CBOMCTB 00BEKTa, MHBAPUAHTHBIX OTHOCHTEIIHHO
ypOBHSI a0CTparupoBaHusi, HAPUMEP, CBSA3AHHBIX C JOMYCTUMOCTHIO UCIIOJHE-
HUS y3JIOB COMPSDKCHUS MPU OJHOBPEMEHHOW MOAM(PUKAIINK CIIOC00a COmpshKe-
HUSI M DJIEMEHTOB COIPSDKEHUs. ITO TpeOyeT MOMOJHEHUSI paccMaTpUBaeMOM
MOJICTM ACHEKTHBIMU aTpuOyTamMu (acmekTaMu), B KOTOPBIX JIOKAIHU3YHOTCS
CKBO3HbIE TpeOOBaHUS K O0BEKTY, U KOTOPHIE MO3BOJISIOT OCYIIECTBUTH MpeIBa-
pUTEIBHYI0 00pabOTKY (MPETPOIIECCHHT) MOJICIIA HA YPOBHE WHKUHUPHHTA 0e3
nepexoa B MPOCTPAHCTBO UCIOJHUTENbHBIX KoOpauHaT. Takum obOpa3oMm, ac-
MEKT MpeNCTaBiIsieT coOOW CBOMCTBO OOBEKTa, aOCTparupyrouiee HEKOTOPYIO
CYIIHOCTh MPEAMETHOM 00JIaCTH, KOTOPOE HE MMEET MPOLEAYPHOU pean3alun
Ha JaHHOM YpOBHE aOCTpPaKIMU W HE SBIAETCA DJIEMEHTOM (DYHKIIMOHATHHOM
JCKOMITO3UIIMA 00BEKTa, HO aKTUBHO BIHUSET Ha mpoliecc GOPMHUPOBAHUS MOJIE-
JIM 3TOTO OOBEKTA.

Ncxoas u3 obiero o0beKTHO-OPUEHTUPOBAHHOTO OMMCAHMS, MOJENH CO-
CTaBHBIX 3JIEMEHTOB MPOTOTUITHOTO MEOEIBHOTO U3/IeNIU MOKHO MPEJICTABUThH B
BHUJIE, TIOKA3aHHOM Ha puc. 2.24.
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ATPHOYTHI METObI
CBOHCTBA

H ACTICKTEI

reoMeTpH- KOHCTPYK- [paBHIa  IIPOLEAYpbl
JecKHe THBHbIE
TeXHOJIOTHY eCKHe

Puc. 2.24. OovexkmHo-opueHmupo8anHas mooeib 1eMeHmos nPOMOMUnHO20 u30eius

ATpuOyTHI, ONMKUCHIBAIOIINE OOBEKT, BKIIOYAIOT B CEOSI TEOMETPUYECKYIO
nH(pOPMAIIMIO O BHEITHEM 00JMKe, HHPOpMAIio 00 0COOCHHOCTSAX €ro KOHCT-
PYKIIMH U TEXHOJOTHH W3TOTOBJICHUS WM NpuUMeHeHHs. CBOMCTBA M aCHEKTHI
000r0 00BEKTa ONPEACIAIOTCS €ro MPUHAIICKHOCTHIO ONPEACIICHHOMY KJIacCcy
MeOeNbHBIX H3JIeNIHi, d5ieMeHTOB conpsbkeHus uiu KTTO. Metoasl npencTas-
JSIOT c000# (popManm30BaHHBIC OMUCAHUS MPABUI M MPOIEIYP KOHTPOJS Oe3-
OIIMOOYHOCTHU BBIMOJIHEHUS OTIIEJIBHBIX MPOEKTHBIX OINepaluid, BKIIOYAIOUIUE B
ce0s alTOPUTMBI UX peau3alud U HaOopsl GopMalbHBIX apaMeTpoB. Mcmo-
HEHHE METOJIOB MPOUCXOJUT Ha dTalle PEUHKMHUPUHTA B aBTOMATHYECKOM pe-
KMME, KOTJla B MPOIECCE BBIMOJIHEHUS MPOILEAYp MapaMETPUUYECKOro CHUHTE3a
MOAKIIOYAIOTCS METOJBl COOTBETCTBYIOIIETO YPOBHS, U Habopam (opMaabHBIX
MapaMeTPOB CTABATCS B COOTBETCTBHE HAOOPHI (DaKTUUSCKUX TTapaMeTPOB.

KoHcTpyKkIIMOHHAass MOJenb NIPOTOTUIIHOTO 00bekTa M, =~ sBisieTcs oObe-

JUHEHUEM CTPYKTYPHO-aTPUOYTUBHOM MOJIENH, MOJy4aeMOM MyTeM JIEKOMIIO-
3UIMK 000OIIEHHOTO MeOeIbHOTO M3JIeNIMs Ha YpPOBHH, MOKa3aHHBbIE Ha PHUC.
2.24, m1 00BEKTHO-OPUEHTUPOBAHHON MOJIEJIH, MIOKa3aHHOW Ha puc. 2.25.

Ha BepxHeMm ypoBHE OOBEKT MpPEeACTaBIAECTCS B BUJE COBOKYIMHOCTH JI€Ta-
Jer U cekui. B kayectBe nertanel B KOHCTPYKIIMOHHOW MOJIENIA MTPOTOTUITHOTO
00BbEKTa BBICTYNAIOT MAHEIU — JETalH, Y KOTOPBIX IIMPUHA U JIJIMHA 3HAYUTEINb-
HO MPEBOCXOJUT TOJIIUHY. JpyrumMu cioBamu, JeTajib — 3TO U3JEIUE, U3TOTOB-
JIEHHOE W3 OJHOPOJHOrO MO HAMMEHOBAHUIO M Mapke maTepuajia 0e3 mpumeHe-
HUS COOPOYHBIX ONEpaIUid.

Cekuus npencraBisier cOOOM 4acTb BHYTPEHHErO MPOCTPAHCTBA OOBEKTA,
KaK MUHUMYM C JABYX CTOPOH OIPaHUYEHHOI'0 MaHEIsIMHU WM YacTSAMHU MaHeJeH.
['maBHas cekius (BHyTpeHHEE MPOCTPAHCTBO OOBEKTA) OIPAHUYUBACTCS BEPTH-
KaJbHBIMUA W/WJIM TOPU3OHTAIBHBIMH Ta0apUTHBIMU (BHEITHUMH) MEPETOPOIKA-
Mmu. [ToMmumo cexumii B cocTaB 00bEKTa HA BEPXHEM YPOBHE BXOJIAT OTAEIbHBIE
JIETaIu, HE SIBJISIIOIIMECS JIEMEHTAMU CEKIUIA, HAIPUMED, LIOKOJIbHBIE KOPOOKH.
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YPOBeHb 00BLEKTa

Y¥POBECHb CCEITHH

YPOBeHb OJI0Ka

VPOREHEL JeTamH

Puc.2.25. Munozoyposuesas cmpykmypa mooenu npomomunHozo oovekma

Ha ypoBHe 6510KOB omnpenensercs BHyTpEHHEE HANOJHEHUE BCEX CEKIUM
u3JeNnus, BKIoYalolee B ceds JeTanu, cTaHJapTHeIe 0J10Ku 1 0y1oku. biok miu
cOopouHasi eMHMIIA — 3TO W3JEJHE, COCTaBHbIE YaCTU KOTOPOTO COEIUHSIOTCA
MeXIy coO0i Ha MPEeANPUITHU-U3TOTOBUTENEC WM HEMOCPEACTBEHHO Y MOTpe-
outenst. Jlormdeckast CTpykTypa OJ0oKa Ompenensercss peKypcUBHO, KaK COBO-
Ky[THOCTh JeTajieii, OJOKOB M CTaHJapTHBIX OJOKOB, paccMaTpUBAEMBIX KakK
€IMHOE 1IeJI0e Ha OINpEJeNICHHOM ypOBHE NEKOMIO3MIMHU. B oTianume oT Hero
CTaHJAPTHBIN OJIOK MpeicTaBiseT coOoil HeaenuMoe H3Jelue C TOUKH 3PEeHUs
O0OBEKTHOTO TPEJCTABICHUSI MOJIENH, HE JIONycKarollee AajibHeiel 1eKkoMmo-
3UIHH TT0 (PU3UIECKUM WU JJOTUYECKUM TPUUUHAM.

CBolicTBa U aCHEKTHI IETaTu OMPEACIIIOTCA €€ (PYHKIIMOHAIBHBIM Ha3HA-
YeHHEM M TIOJIOKEHHEM B CTPYKType u3aenus. K HUM OTHOCHUTCS Ciemyrolas
uHbopMaIus:

- BO3MOKHOCTH PEJAKTUPOBAHUS TEOMETPUUECKUX Pa3MEPOB JICTAIH,;

- TMPOEKIMOHHBIE N300paKEHUS IeTAIH,

- yKa3aTeNH Ha acCOIMUPOBAHHBIE CIHCKHU KPETEKHBIX YJIEMEHTOB U Je-

KOPaTUBHOHN (YpHUTYPHI (aCTIEKTHBIN aTpuOyT);

- Habop acCOIMATHUBHBIX CBA3EH C APYTHUMH JACTAISIMH.

MeTonpl, WHKANCyJIUPOBAaHHBIE B OOBEKTHO-OPHUEHTHPOBAHHYIO MOJECIb
JeTalld, Peaqnu3yloT KOPPEKTHOE BBIMOJHEHUE JIOOBIX JOMYCTUMBIX OIEpaIlyii
M3MEHEHUsl TapaMeTpoB JIeTalu MpH paboTe ¢ U3AenueM Ha Jto00M ypOBHE Je-
koMmmo3unmu. CTaHgapTHBIE OJIOKH MO CBOEeMY (YHKIIMOHATbHOMY HAa3HAYEHUIO
Y POJU B MOJENIH H3JEIHs BO MHOTOM CXOXH C JETallsiMH, IO3TOMY B HUX HH-
KarcyJaupOBaHbl aHAJIOTUYHBIE JaHHBIC, CBOWCTBA, ACTIEKTHI U METO/IBI.
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Jlns mpaktudeckoit peanusaruu nosiokeHul konnenmuu BOIIIT ¢ kax-
IBIM YPOBHEM JCKOMITO3HMIIMK 00001eHHOT0 M3aenus (puc. 2.25) acconuupoBna-
HBl METO/IbI, 00ECIIEUNBAIOIINE KOPPEKTHOCTh BBIMOJHEHHUS MPOCKTHBIX OIepa-
1M TaHHOTO YPOBHS, MapaMeTpaMu KOTOPBIX SIBJISIOTCS HE TOJBKO JAaHHBIE OT-
JEIbHBIX JIEMEHTOB, HO U CTPYKTYPHBIE CBSI3U MEXKAY HUMHU. DTH METOJbl pea-
JU3YIOT JIB€ OCHOBHBIC (PYHKIIMH IMPpU (DOPMUPOBAHUHU M PEIAKTUPOBAHUH MOJIC-
JIN.

- COOTBETCTBHME pa3MEpPHBIX MMapaMeTPOB JieTajlel TEXHOJOTHYECKUM BO3-

MOYXHOCTSIM 000pY/JIOBaHUS M UCIOJIb3YeMbIM MaTepraliaMm;
- BO3MOXXHOCTbH BBITIOJTHEHHUS CBOEr0 ()YHKIIMOHAJLHOTO HAa3HAUCHUS H3-
JIEJIEeM B IIE€JIOM U €r0 COCTaBHBIMHU YaCTSIMH.

Oco0y10 poip B Ipoliecce MPOU3BOJCTBA MEOCIBHBIX H3JICIUN UTPaIOT
3JIEMEHTHI COMNPSHKEHUsI, BO MHOTOM OMpeJeisisl UX KauyeCTBEHHBIE XapaKTepu-
CTUKHU W TpeJeNibHbIE CPOKM AKcIUTyaTtaniui. OCHOBHOE MX Ha3HaueHHe B olec-
MEYCHUN MPOYHOTO M IUIOTHOTO COEIMHEHUSI BCEX JETajiei, 4YTO MOBBIIIACT XKe-
CTKOCTh U YCTOMYMBOCTH KOHCTPYKITUH.

ITox smeMeHTaMu conpspKeHHs (KPEIeKHBIM 3JIEMEHTOM, KpPEIeKoM) Io-
HHUMaeTCs KpenexxHas pypHHUTypa, peIHa3HauCHHAS ISl COMPSDKCHUS MMaHenei
MEXJIy cO00¥ W (UKCUPOBAHHS UX JIPYT OTHOCHUTEILHO JIpyra Impu cOOpke Me-
OCILHOTO M3/ICNINS - HE3aBUCUMO OT TOT'0, MpEeJHAa3HAauY€Ha OHA JJIs CTal[MOHap-
HOTO WJIM JIsl TIOJABHXKHOT'O COEIMHEHUs. B COOTBETCTBUHU C ATUM y3€Jl COIps-
JKEHHSI MOXKET OBITh ONKMCAaH MHOKECTBOM COIpsATacMbIX MaHened P u kpemnex-
HBIM dJIeMeHTOM K :

N
U,=(UR) UK.
i=1

CTpyKTypHO-aTpuOyTHUBHAsT MOJEIb y3Jla CONPSIKEHHUs MOKa3aHa Ha pUC.
2.26. Ilpu mpoeKTUPOBAHUHU KOPITYCHOM MeOenu MpaKTUYECKH BCE BO3MOIKHBIC
CrOCOOBI B3aUMHOTO COMPSKEHUS JeTalleld CBOJATCS K IIECTH MPeCTaBICHHBIM
0000IIEHHBIM BapuaHTaM, KOTOPBIE OMPEACISIIOT HE TOJIBKO B3aWMHOE PacIio-
J0’)KeHUE MaHesel, HO U BO3MOXHOCTh NTPUMEHEHUS KPENEeXHbBIX 3JIEMEHTOB TO-
T'O WJIM UHOTO THTA.

B mpouecce MHXXKMHUPUHTA KPEMEXKHBIA AJEMEHT MpeACcTaBiseTcs abcT-
PaKTHBIM MOHATHEM, OOBEIMHAIONIUM B c€0€ ONMpEeICHHYI0 KOMOMHALIMIO CO-
NpsAraeMbIX TNaHesedl u 0000IIeHHBIX OTBepcTHil. Ero cTpykTypa nomkHa co-
aepxaTh WH(pOpMaIuoo, HEOOXOAUMYIO M JOCTATOUYHYIO JUISi MOJCIUPOBAHMS,
BU3yaJIM3alMU U Y4YeTa JI000ro peajibHO UCMOIb3yeMOT0 3JEMEHTa KPEemnexKHON
GbypHUATYPBI. YaCTHBIM CITy4aeM dJIEMEHTA COMPSKEHUS SBISETCA JCKOpAaTHBHAS
bypHHUTYpaA, OTIIMYUTEIbHAS OCOOEHHOCTh KOTOPOW COCTOUT B HAIMYUU €IUHCT-
BEHHOT'O CONpPSIraeMoro 3eMeHnTa (puc. 2.26, BapuaHr 6).
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V3el CONpsTKeHHA

Conpsirae Mble ITaH eTH KpenexHbIH 31eMeHT
¥ ¥
Habop otRepcTHH HarmeHoP aHHe
1 e
= | &=

ITpoeKITHOHHEBIE H300paskeHHs

5 6

s
L1 1 Puc.2.26. Cmpykmypno-ampuoymueHas
MOO0eb Y314 CONPAIHCEHUS

OCHOBHBIM O00pa3yIOIIMM JJIEMEHTOM B CTPYKType Kperexa SBIsSeTcCs
00001IIeHHOe OTBEpPCTHE, MO KOTOPHIM TMOHHMAETCS OOBEKT, OTHOCSIIUUCSA K
TJIACTH WM TOPILY TIAHETH M XapaKTepHU3yIOUIUiics TIyOnHON BBIOOPKU U ceue-
HUEM (KOHTYPOM BBIOOPKH). AHalIU3 THIOB KPEMEXKHOW (YpHUTYpPHI, KaK MpH-
MEHSIeMOH MPH BBITTYCKE KOPITYCHON MeOeH, TaK U IEPCIEKTUBHOM, MPUBOIUT K
MOHATHIO 0000IIIEHHOTO OTBEPCTHSI, CEUCHHUE U TapaMeTPhl KOTOPOTO MOKa3aHBbI
Ha puc. 2.27. KomOuHupys coderaHus U 3HaueHHs napametpoB L, R u oObe-

IUHSSA, IPU HEOOXOAUMOCTH, HECKOJIBKO OTBEPCTUH B OJHO, MOXKHO MOJYYUTh
Bce TpeOyemble BUIbI OTBEPCTUM, HCIOJIb3yE€Mble MPHU COMPSXKEHUU MaHenen
pPa3JIMUHBIMUA THUIIAMH KPENEKHBIX 31eMeHTOB. [Ipennaraemas Moaenb JOMycCKa-
€T BO3MOXXHOCTb OTCEUYEHHUS YaCTH OTBEPCTHUsI peOpOM MaHeNH, 4To U TpedyeTcs
MIPU MCMOJIb30BAHUU HEKOTOPBIX TUIOB KPEMEKHBIX 3JIEMEHTOB, HAITPUMEP, IKC-
LHEHTPUKOBBIX CTSKEK. DTO ONMpeAeaeTcsi COOTHOUIEHUEM YHMCIOBBIX 3HAUYCHUI
napameTpos L, u L;.

[TomuMo mapameTpoB, MOKa3aHHBIX Ha puUC. 2.27, pu onucanuu 0000-
LIEHHOT'O OTBEPCTHUSI UCTIOIB3YIOTCS €lIE JIBa MapaMeTpa.

- JIBYXIIO3UIIMOHHBIA MapameTp, OMPEIEISIONMA MECTO PaCIOI0XKEHUS

OTBEPCTHSA: Ha TUIACTHU MMAHENH WIH B €€ TOPIIE;
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- r1yOuHa BBIOOPKH, HYJIEBOE 3HAYEHUE KOTOPOMl COOTBETCTBYET CKBO3-
HOMY OTBEPCTHIO.

Pebpo maHemH

Puc.2.27. Ceuenue u napamempul 0000uieHHO20 OMEEPCMUSL

HanMeHoBaHME KpereKHOTO 3JEMEHTa MpenCcTaBiseT co0oil umeHtudu-
KaTop, IPUCBOCHHBIN €My B COOTBETCTBUHU C CUCTEMOM KiIacCHUpUKAIIMN U KOIH-
pOBaHUsI, IPUHATON HAa KOHKpETHOM mnpeanpustuu. OH Mmo3BoisieT 00beAUHSITh
UJCHTUYHBIE AJIEMEHTHI MPU PEIICHUH 3aJa4d pacdyeTa MOTPEOHOr0 KOJIMYECTBa
KOMIUIEKTYOIIUX 3JIEMEHTOB.

[IpoekuonHbIe M300pAKEHUSI HOCST BCIIOMOTaTeNbHbIA Xapakrep. OHu
MIPEICTABISIIOT COOOM YIMPOIICHHBIE TEOMETPUUECKUE M300pakeHUs (PpOHTAIb-
HOM, TOPU30HTATBHOUN U MPO(PUILHON MPOEKIMI KPETEeKHOTO 2JIEMEHTA U Mpe/I-
Ha3HAYEHBI JJIS1 €r0 BU3yaJHU3allUU.

[Ipennaraemas CTpyKTypa KPEMEKHOro 3JeMEHTa, 0a3upyromascss Ha 1o-
HATUM O0O0OIIEHHOTO OTBEPCTHS, PEATU3YyeT MOJIETbHOE MPEICTaBICHUE MHOTO-
o0pa3usi OJHOTHUIHBIX MO HA3HAYEHHUIO, HO PA3IMYHBIX MO MCIOJHEHUIO Kpe-
TMIEKHBIX JIEMEHTOB.

[ToMuMO [aHHBIX, B MOJENb y3Jla CONPSI)KEHUS HHKAICYJIUPYIOTCS ABE
IPYIIbI METOAOB. METO/ABI, ONPEACIAIONINE ANTOPUTMBI U MTPAaBUJIA Pa3MEILCHUS
y37I0B conpsikeHus Ha moaenu KMUA, n meToapl, KOHTPOJIUPYIOIIUE COOTBET-
CTBUE MOJIOKEHHUS U TTapaMETPOB KaXI0ro y3ia conpsizkenus ycnousim KTTO.

[lepBas rpymnma METOIOB OIpEaesieT MecTa MO3MLIUOHMPOBAHUS 0000-
HIEHHBIX OTBEPCTUM HA CONPATA€MBIX MAHEIAX B 3aBUCUMOCTH OT THUIIA COIpS-
YKEHHS U IMApaMETPOB KPETEKHBIX FJIEMEHTOB!
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{X.,Y}, =F(R....R.|0,,...0,),

IDI(S {X,Y}i |~ KOODIMHATHI I-r0 OTBEPCTHS HA |-Oi COMpsAracMO MaHEH,
P — xapakTepuCTHKN B3aNMHOTO PACIIONOKCHHUS TTaHeNeH;
O — Mozenu 0000IEeHHBIX OTBEPCTHIH.

Hcnonp30BaHne yKa3aHHOTO COOTHOUIEHUsI CBOJIMUT MPOEKTHBIE ONEpaluuU
(dbopMUpPOBaHUS Y3JIOB CONpsDKEHUs (pa3paboTka cXeM MPUCATOK U 0a3UpOBaHUS
C YYETOM TEXHOJOTHYECKUX OCOOCHHOCTEW 00OpYIOBaHHS W WHCTPYMEHTA) K
perieHruo (pOpMaIM30BaHHON 3aJauu OIpeelIeHHs] KOOPJIWHAT 000OIMEHHBIX
OoTBepCTU. MeToIbl JaHHOU T'pyIIbl 0a3UPYIOTCA Ha CIEAYIOUIUX KPUTEPUAX
- Y4eT CTaHJAapTHOIO IlIara NpucajovyHoro o00pya0BaHus;
- COOTBETCTBHE I'€OMETPUYECKUX MMAPAMETPOB KOHCTPYKTHUBHBIX 3JIEMEH-
TOB U MACCUBOB OOOOIIEHHBIX KOOPAUHAT KPEMEKHBIX 3JIEMEHTOB,;

- BBIOOp ONTHUMAJIBHOTO KOJIMYECTBA KPETIEKHBIX FJEMEHTOB ISl o0ecrie-
YeHus TpeOyeMOo KEeCTKOCTH U3JENus;

- BapUaHTHBINA BHIOOP 0a30BOM MOBEPXHOCTH;

- HEJONYCTHUMOCTH JIOKAJIBHOTO Pa3pyLIEHHUS KOHCTPYKTHUBHBIX 3JIEMEH-
TOB U3JENHUs IPU GOPMHUPOBAHHUH y3J1a COMPSIKEHUS.

Bropas rpynna mMeTon0oB ONpEAeNseT CTENEHb COOTBETCTBUS B3aUMHOTO
PAacMoJIOKEHUS Y3JI0B CONPSKEHUS BO3MOYKHOCTSIM MX COBMECTHOTO HCITOJIHE-
Hua u tpedoBanussM KTTO. Ilpu oOHapyXeHUH HECOOTBETCTBUS BBIMOIHSAETCS
ABTOMATHYECKasi KOPPEKU U aOCTPAKTHBIX KOOPJIMHAT HECOBMECTUMBIX 3JI€MEH-
TOB, MOCJIE YEro MPOU3BOAUTCS MOBTOPHBIM aHanu3. [Ipy HEBO3MOKHOCTH JOC-
THKEHUS TOJIOKUTEIIBHOTO pe3ylbTata GOpMHUPYETCsS pa3BEPHYTOE AUATHOCTH-
YEeCKOoe COOOIIEeHHEe 0 HEOOXOAMMOCTH BHECEHUSI KOHCTPYKTUBHBIX U3MEHEHUN B
HCXOJHYIO MOJIENb, MIOCJIE YETO MPOLECC MOBTOPSAETCS.

[Ipu perHXUHUPUHTE TPOTOTUIHBIX MOJEJIEH MPOEKTHAasl omepauus pas-
pabOTKH CXEM CKPEIUICHUS! KOHCTPYKTHUBHBIX 3JIEMEHTOB M3/ TpaHchopmu-
pyeTcsi B MOCTPOEHUE OTOOpaKEHUS MHOXKECTBa OOOOIIEHHBIX 3JIEMEHTOB CO-
MPsHKEHUST BO MHOXECTBO PEabHOM KpEMeKHOW (DYypHUTYpBI, HAXOISAIMIEHCS B
0a3e naHHBIX npeanpusTus. J[anHHoe oToOpakeHHE SBISETCA OUEKTUBHBIM M
peanusyeTcs B aBTOMATUYECKOM PEXUME, COXpaHssl CBOIO 0€30IMO0YHOCTh Ha
BCEM MHOXECTBE KOHCTPYKTHUBHBIX BapHAIUi MPOTOTUITHON MOJIENH.

Mognens KTTO M, nogpo6HO onucana Bbliie (cM. 1. 2.3).

Crnenyer OTMETUTb, 4YTO IMpeaiaraeMas oOOBbEKTHO-OPHUEHTUPOBAHHAS
CTPYKTYPHO-aTpUOyTUBHAS MOJEIb MPOTOTUITHOTO MEOEIBLHOTO M3ACIUS OTJIH-
YaeTCsl 3CKU3HBIM CITOCOOOM MCXOAHOTO MPE/ICTaBICHUS, A0CTparupOBaHHBIM OT
KOHCTPYKTHUBHO-TEXHOJIOTUYECKUX ACIEKTOB KOHKPETHOTO MPOU3BOJCTBA. DTO
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MO3BOIICT MAKCUMAJIBbHO HMCKIIOYUTH Y4YaCTHC YCJIOBCKa B CI)OpMI/IpOBaHI/II/I uc-
MNOJHUTEIBHBIX KOOPpAWMHAT 34 CYCT I'CHCpAllMM MHOXCCTBA ABTOMATHYCCKHX
IMPOCKTHBIX onepaunﬁ Ha J5Tanc pCHHXXUHHUPUHTA.

2.5. CpaBHUTeJbHBIH aHAJN3 TPAAUIUOHHONH M HOBOW Mapagurm
aBTOMATH3MPOBAHHOI0 npoexkTupoBannsa KMHUA

B ocnoBe cnennanusupoBanubix CAIIP mMebenu, moayduBIIMX pacipo-
CTpaHEHUE B HACTOSAIIEE BpEMsl, JEKUT Fe€OMETpUYEcKas MOJeIb MEOETbHOIO
m3nenusi. Ee moctpoeHue BBIMOJHSIETCSA, KaK MPaBUIIO, MO BOCXOJAIIEH cXeme
(cHM3Y BBepx) W TpeOyeT OT MPOCKTHUPOBIIUKA 3aJaHUS MHOYKECTBA TaK Ha3bl-
BA€MbIX HCTIOJHUTENbHBIX KOOpAHHAT. biarogaps 3Tomy o0CTOATENBCTBY, MOI-
rOTaBJIMBAETCS «Ojaro/laTHas» Mo4YBa JJjisl BHECEHUsS B IPOEKT MHOXKECTBA CyOb-
€KTUBHBIX OIIMOOK, MPOKOHTPOJIUPOBATH KOTOPHIE 3a4aCTyI0 HE yIaeTcs BIUIOTh
JI0 Hauyaja M3TOTOBJICHUS u3nenus. Jns yMeHbIIEHUsS UX KOJU4YecTBa HEO0OXO-
JMMO MEePEerTH K MOAEISIM 0oJiee BBICOKOTO YPOBHSI, UCTIOJb3YIOIIUM, B YACTHO-
CTH, HUCXOJIAIIYIO cXeMy (CBEpXy BHH3) MPOSKTUPOBAHUS

Kak oTMmeuanoch BbIlI€, 3CKU3HO-CTPYKTYPHOE OIKMCAHUE OCHOBBIBAETCS
Ha CHCTeMe Kiaccu(uKaiuy KOPIyCHON MeOenn U ee DJIIEeMEHTOB U 00ecTieunBa-
eT ynpolieHHoe (YKpYMHEHHOE) KOOPAMHATHOE MPEICTABICHUE KOHCTPYKIIHH
KMUA c yuetom 3amanubix KTTO. IloBeiieHne ypoBHs aOCTpakiuuu 0OBEKTa
MPOEKTUPOBAHUS, C OJTHOM CTOPOHBI, CHUYKAET KOJIUUYECTBO OLIMOOK MPOEKTHPO-
BaHMS, @ C JPYrod CTOPOHBI, - OTPAHUYMUBAET OOJIACTH BO3MOXKHBIX MPOEKTHBIX
pEIICHUI.

31mech MOYKHO MPOBECTH Mapajuiesib ¢ Mpo0ieMoi BHIOOpa U UCIOIL30Ba-
HUS SI3BIKOB TporpaMMupoBanus Bbicokoro (SIBY) u muskoro (IHY) ypoheii.
N3BecTHO, 4TO MOHATHUA, peanu3oBaHHbie B SIBY, uMmeroT 0ojee BBHICOKUNA ypo-
BEHb a0CTpaKLUHU, 4eM MOHATHSA, npeactaBieHubie B AHY. D10 no3Bomser uc-
MOJIb30BATh «OJIOYHBIN» MOAXO0/] K pa3pad0TKe MPOrpaMM, MPU KOTOPOM KaxIbIi
oneparop ABY oTpaxkaer noctaTo4HO KpyMmHOE AeWcTBHE anropurma. Hampu-
Mep, pa3paboTka mporpaMm ¢ ucrnojb3oBanueM s3bika Doprpan (FORTRAN -
FORmula TRANSlation) - wucropuyecku nepporo SABY (wauwano 1950-x rr.) -
BEJIETCSI TOpa3 0 ObICTpEE U C MEHBIIMM KOJIMYECTBOM OLIMOOK, YEM Ha SI3bIKE
accemOiiepa (SJIHY). Onnako o6macth npuMeHnenns DopTpaHa CyIeCTBEHHO Or-
paHWYEHA U OXBATHIBAET B OCHOBHOM Hay4HbIE€ U MH)KEHEPHO-TEXHUYECKHE pac-
yeThl. B TO e BpeMs A3bIK accemOiepa upe3BblYaliHO TMOKUI U MO3BOJISET pas3-
pabaTeIBaTh Kak CUCTEMHOE (ApaiiBephbl BHEIIHUX YCTPOMCTB, MOIYJIU OTECpaIlu-
OHHOM cHcTeMbl, KOMOWIATOPHI SIBY U T.1.), Tak 1 TPHUKIAJHOE MPOTPaAaMMHOE
obecnieueHrne (B TOM 4YHCIIE - TPOrpPaMMbI Il HAyYHBIX W HWHXKEHEPHO-
TEXHHYECKHUX PACUCTOB).
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AHQJIOTMYHO, MOACUCTEMA 3CKHU3HOIO MPOEKTUPOBAHUS, PACCMOTPEHHAS
BbIIIIE, oOecrieunBaeT OoJiee BBICOKHI ypoBeHb npeiacTaBieHuss KMUA, dem
Tpaaunronusle yHuBepcanbHble CAIIP, onmepupyromume momHoPpOpMaTHON Teo-
MeTpuueckoil monenbto. B yactHoctH, B coctaB OCAM npoTOTUITHOTO U3AEIUS
KopnycHoM MeOenu BkitouaeTcss kommuieke KTTO, KoTopelil ucnosis3yercs: mpu
nanpHeumen padore ¢ mojaenbio. [lonroropka KTTO BBINONMHAETCS ¢ TOMOIIBIO
OJIHOTO M3 aBTOMHTEPAKTHUBHBIX PEAAKTOPOB MOACUCTEMBI 3CKU3HOTO MPOEKTHU-
pOBaHUS.

B HexoTtopsix u3 oreuectBeHHbIX CAIIP mMebenn, pacCMOTPEHHBIX BHILIE,
TaKXke MPEANPUHUMAIOTCS MONBITKU MOBBICUTh YPOBEHb MOJEIBHOTO MPEACTAB-
JeHusa O00bEeKTa MPOEKTUPOBAHMsI, YTO HALUIO CBOE OTpa)X€HHWE B pa3padoOTKe
CTCIIMATU3UPOBAHHBIX MOJyJIeH, TaK Ha3bIBAEMBIX Macmepos (Hampumep, Mo-
aynb «Mactep IIkada/TymOb» B cucteme «bCAD mns Mebenbiuka» wim «ba-
suc-lllkadg» B «<bA3SUCE»). B HUX, B 4acTHOCTH, NIPEICTABICHBI HEKOTOPHIC U3
KTTO, peann3zoBaHHblE aNrOPUTMHYECKH, T.€. BKIIOUYEHHBbIE B MPOTPAMMHBIN
KOJI 3TUX MOJYJEH.

Kak panee ormeuanoch, mo3akazHoe NPOMBIIUIEHHOE MPOU3BOJICTBO KOP-
MyCHOW MeOeNn MPEeIbsBISIET MOBBIIMICHHbIE TPEOOBAaHMS K KAYECTBY M CpOKam
MPOEKTUPOBAHUS M3AeNuii. YTOOBI COOTBETCTBOBATH 3TUM TPEOOBAaHMSM, CIIE-
uuanusupoBanubie CAITP Mebenn H0mKHBI Tpeyiarath KOMIUIEKCHbBIE PEIICHHUS,
ABTOMATH3UPYIOIINE BaXKHEHUIIME CTaJUU XU3HEHHOTO LMKJIA U3AeIHUid. ITO, B
CBOIO Ouepellb, TpeOyeT MmepecMOoTpa CHOXKHUBIIUXCS MNPEACTABICHUM OTHOCH-
TEJIbHO CTPYKTYPbI U COEPKaHUS IPOECKTOB, UCIIOJB3YIOIMIMXCA B JAHHBIX CHC-
TeMax, a TaAK)KE PEATM30BaHHOW MMU MapaJUTrMbl aBTOMAaTU3UPOBAHHOTO MIPOEK-
TUPOBaHMS 0OBEKTOB KOPIYCHOM MeOenu. B kauecTBe METOIOIOTHUECKONU OCHO-
BBl JUISI MPAaKTUYECKOW peanu3alvy HOBOW MapagurMbl IpU pa3pabOTKe Mep-
cnektuBHOW CAIIP MeOenu BbICTymaeT KOHIEMUHUS O€301MO0YHOr0 MPOECKTH-
POBaHUS U IPOU3BOJICTBA CIOKHBIX KOPITYCHBIX MEOEIbHBIX U3AEIUM U aHCaMO-
JIeH.

OCHOBHBIE TOJIOKEHUS JAHHOW KOHLIEMIMH, PACCMOTPEHHBIE B CIEAYIO-
HIEW IJ1aBE, ODUEHTUPYIOT HA!

- TOBBIIIEHUE YPOBHA aOcTparupoBaHus npu monaenupoBanun KMUA u

WCTIOJIb30BAaHUE KOMIUIEKCA BBICOKOYPOBHEBBIX CTPYKTYPHBIX MOJENIEHN
BMECTO TPAJAUIMOHHON T€OMETPUUECKON MOJIEIIH;

- MEPEHOC KIEHTPA TSKECTU» ¢ ATana padboyero NpOeKTUPOBAHMS HA ATaIl

3CKU3HOTO IPOEKTUPOBAHUS;

- TapajuleJbHOE BBINOJHEHUE PAJIa MPOEKTHBIX MPOLEAYp M OIlepauui,

OTHOCSIIMXCS KaK K CAMOMY ITPOLECCY MPOECKTUPOBAHUS, TaK U K JIpy-
ruMm npoueccam KL KMHUA;

- MHOr0acIEeKTHOe poeKTHOoe npeactaBieHne KMUA;
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- MojenupoBaHWe WHPOPMAIMOHHOW HHEGPACTPYKTYPHl MeOEIBHOTO

MPEANPUSTHS C IIEJIbI0 OpraHu3aIiy 3P (HEKTUBHOTO YIPABICHUS.
CpaBHUTENBHBIA aHAIU3 OCHOBHBIX OCOOCHHOCTEW ABYX MapajurM aBTO-
MaTHU3UPOBAHHOTO NPOEKTUPOBAHUSA TPAAULIMOHHON U HOBOM - BBIABJISET PAJ UX
CYILIECTBEHHBIX PA3IHYMiA, IPEACTaBICHHBIX B Ta0m. 2.1.

Tabnuya 2.1

Paznuyus mpaouyuonnoti u nogou napaouem agmomamuzupo8aHHoO20
NPOEKMUpPOBaHUsL KOPNYCHOU Mebenu

Ne TpaguunoHHas mapagurma HoBast mapagurma

n/n NPOEKTHPOBAHMS NPOEKTHPOBAHMS

1 OpueHTanys Ha TpaJIMUUOHHBIA crio- | OpreHTaluus Ha M03aKa3Hoe Mpo-
c00 cepuitHO-MacCOBOro MPOU3BO/I- | MBIILJIEHHOE MPOU3BOJICTBO Me-
CTBa MEOEIbHBIX U3ACTUN OenbHBIX aHcaMOmen

2 OTCcyTCTBHE )KECTKMX BPEMEHHBIX Hanuuue »ecTKuX BpeMEHHBIX Or-
OTpaHUYEHHI Ha HTanax MPOeKTUPO- | pAHUYEHUH Ha BCEX Tarax peayu-
BaHUS, TOATOTOBKHU MPOU3BOACTBA, 3alluy IPOEKTa MEOETBHOTO aH-
COOCTBEHHO MPOU3BOJICTBA camOJs

3 OpueHTanys Ha TpaaUulMOHHbBIN OpueHTalus Ha BBICOKOYPOBHEBOE
MapuIpyT NPOESKTUPOBAHUS ACKU3HOE MPOECKTUPOBAHKE

4 Peanuzanus GpyHKIMIA «3IEKTPOHHO- | Peanm3anus HHTEIIEKTyaTbHBIX
ro KyJIbMaHa» JUisl HU3KOYPOBHEBOT'O | IPOLIEAYP BHICOKOYPOBHEBOTO
KOHCTPYKTOPCKOTO MPOEKTUPOBAHUS | TPOCKTUPOBAHUS

) Opranuzanusi KOHTPOJIA KayecTBa Opranu3zanus npoueayp 6e3omnm-
MPOEKTUPOBAHUS MOCTE OKOHYAaHUSI | OOYHOTrO MPOEKTUPOBAHMUS B MPO-
KOHCTPYKTOPCKOTO MPOEKTUPOBAHUSI | IIECCE ICKU3HOTO MPOEKTUPOBAHUS

6 [ToaroroBka npou3BoACTBa ocyie- | KoMiuiekcHast HoAroToBKa U CO-
CTBJISIETCS TIOCJIE 3aBEPUICHUS MOJI- | MPOBOXKJICHHUE MPOU3BOJICTBA OCY-
HOT'O LIMKJIA KOHCTPYKTOPCKOTO MPO- | IIECTBIAIOTCS MapalijeabHO ¢ KOH-
EeKTHUPOBaHUs CTPYKTOPCKUM IIPOEKTUPOBAHUEM

7 He TpebyeT nsmMeHeHus cioXuBIiei- | BHOCUT pekoMeHaIuu mo u3mMe-
cst ”H(PpacTPYKTyphl MEOETHHBIX HEHHUIO TPaIUIIUOHHON MH(pa-
MpeanpUATAN CTPYKTYPBI MEOEIbHBIX MPEANPH-

SITAN

8 OTcyTCcTBHE ONEPATUBHOM CBA3U Hanuuue onepaTuBHOTO B3anMO-
MEXK]ly TPOU3BOJAUTENIEM U TOTPEOU- | AEHUCTBUS IPOU3BOIUTEIIS C 3aKa3-
TeneM YUKOM

9 KonTpons kauectBa npousseaeHHon | [IpuemKy u3nenuni 1 KOHTPOJIb UX

npoaykiuu ocymectsisgeT OTK,
MOTYMHEHHBIN TPOXU3BOAUTEIIO

Ka4ye€CTBa OCYHICCTBILACT 3aKa34uK
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I'JIABA 3
KOHIENIMS BE3OIINBOYHOI'O TPOEKTUPOBAHUSA U
IMPOU3BOJCTBA KOPITYCHBIX MEBEJBHBIX
U3JIEJIMA U AHCAMBJIEA

Hogas mapagurma aBTOMaTM3UpOBAHHOTO MPOCKTUPOBAHUS CIIOKHBIX W3-
JeIUi KOPIyCHOM MeOenu OCHOBBIBACTCS Ha PsiJie MOJIOKECHUW KOHLENIUN 0e3-
OIIMOOYHOTO MPOCKTUPOBAHUS W TPOU3BOJCTBA. [JlaBHAs 1iesib pa3pabOTKU
KOHIETIIMY HallIa OTPaXCHUE B CAMOM €€ HA3BaHWHU, 4 UMEHHO. MaKCUMaJIbHO
0CBOOOJUTHh OT CYOBEKTHUBHBIX OIIMOOK MPOIECCHl MPOCKTUPOBAHUS U TMPOU3-
BOJICTBA CJIOKHOM KOPIYCHOM MeOenu, T.e. CAeNaTh UX MPaKTUUYeCKH Oe30Ilu-
O0ouHbIMU. ECTECTBEHHO, CTENEHb JOCTHKECHHUS JaHHOW I€JIM MMEeT OTHOCH-
TEJIbHBIN XapaKTep, ONpeesIIOIMNACS YPOBHEM TPOPAOOTKH MOJIENICH, METOJI0B
W aJrOPUTMOB, JIEKAIIMX B OCHOBE CPEJCTB ABTOMATH3AallMU MPOCKTUPOBAHUS
KOPITYCHOM MeOeIu M TEXHOJIOTUYECKOW MOJArOTOBKU MeOeIbHOTO MPOU3BOJICT-
Ba. IIpu »ToM obGnacth oxBaTta koHueniuu BOIIIl He orpaHM4YuBaeTCs TOJBKO
MPOLIECCAMH MPOCKTUPOBAHUS M TEXHOJOTHUYECKOW MOATOTOBKH MPOM3BOACTBA
MeOenl, OHa MPOCTUPACTCS M HA JPYTrHe dTamnbl U CTATUM KU3HEHHOTO ILMKJIA
W3Aenus, BKIIOYas W 0oJiee MO3JHHE, Ha3bIBa€Mbl€ IMOCTIPOU3BOJCTBEHHBIMU
CTaUSIMU.

OcHoBHble TTo10keHHsT KoHnenuuu bOIIIT opueHTHPYIOT Ha BBITIOJTHEHHUE
psAaa yCIOBUM, CPEXA KOTOPBIX MOYKHO BBIJIEJUTH CICIYIOIIHE:

- TOBBIIICHUE YPOBHA aOcTparupoBaHusa npu monaenupoBanun KMUA u

HCIIOJIb30BaHUE KOMILIEKCAa BBICOKOYPOBHEBBIX CTPYKTYPHBIX MOJEIEHU
BMECTO TPAAUIIMOHHOW T€OMETPUUECKON MOJAEIH;

- TIEPEHOC KIIEHTpa TSHKECTU» C ATara padodyero MpoeKTUPOBAHUS HA ITAIl
3CKU3HOTO MPOECKTUPOBAHUSA,

- TApaJUIEIBbHOE BBITIOJHEHHUE Psifila MPOCKTHBIX MPOUEAYp M ONepaiuu,
OTHOCSIIIIUXCS KaK K CAaMOMY MPOLECCY MPOEKTUPOBAHUSA, TAK U K APY-
ruMm npoueccam KL KMHUA;

- MHOTroacrekTHoe mpoekTHoe mpejactaBieHne KMUWA B kadecTBe 0a3bl
i mpakTudeckor peanmsanuu CAL S-texHomoruii B MeOEIbHON TIPO-
MBIIIVIEHHOCTH;

- MOJIeIMpOBaHKME MH(POPMAIMOHHON HH(PPACTPYKTYPHI C IENbI0 PopMHu-
pOBaHMS €AWHOTO HWH(POPMAIMOHHOTO IPOCTPAHCTBA MEOCITHLHOTO
npeanpuaTus 1 3G (PEKTHBHOTO YIIPABICHUS UM.

Baxnenen npeanochbuUIKOW sl MPAKTUUYECKOW peaiu3alli OCHOBHBIX

nonoxeunit koHuenuuu BOIIIl B ycnoBHsX MO3aKa3HOTO MPOEKTUPOBAHUS M
MPOU3BOJICTBA SIBJISIETCS OCO3HAHUE HEOOXOJUMOCTH M TOTOBHOCTH PEIICHUS
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KOMITJIEKCHOU 3a7aun WH(POPMATH3alUKA Ha MeOEITbHOM Npeanpustuu. Hekoro-
pble OCOOCHHOCTH JAaHHOW 3aJa4d M ACIMEKThl €€ pelIeHUs MPUMEHHUTEIHHO K
MeOeIIbHOM OTPaCiIH MPEICTABICHBI HIKE.

3.1. UudopmaTuzanus npeanpusaTuii MedeTbHOM NMPOMBIIIJIEHHOCTH

[Ipu opranu3zanyu MO3aKa3HOTO MPOMBINUIEHHOTO MPOU3BOJACTBA IEpe.
MeOENIbHBIM MPEANPUATHEM BCTACT P CIOXKHBIX 3a7a4 HHPOPMAITMOHHOTO Xa-
paKTepa, CBA3aHHBIX C 00ECIEUCHUEM Pa3IUYHbIX MMOIPA3AeIeHUN TOCTOBEPHOH,
MIOJTHOWM WM OTepaTHBHOM (CBOEBpeMeHHOU) MH(popMarueid. B 3Toit cBs3u, oco-
OyI0 aKTyaJIbHOCTh IPUOOPETAET KOMIUIEKCHAs 3a7a4a HHGOPMATH3AUH TIPOU3-
BOJICTBEHHO-XO35ICTBEHHON NIEATEIbHOCTU MPEANPUATHIT MeOEIbHOW MPOMBIIII-
JIEHHOCTH.

Hugpopmamuszayusa - 310 OpraHU30BaHHBIN COLUATBHO-3KOHOMUYECKUI
M HAYYHO-TEXHUYECKUU MPOILIECC, OPUEHTUPOBAHHBIA HA CO3/aHUE ONTHMAaJb-
HBIX YCIIOBHM JUISl YIOBJIETBOPECHHS MH(GOPMAIMOHHBIX MOTPEOHOCTEH OTIEib-
HOTO YEJIOBEKA, MPEANPHUATHS WIM OpraHu3anuu. JlaHHBIN Mpolecc peaanusyercs
Ha OCHOBE (DOPMHUPOBAHHS M HCIOIH30BaHUS MH(POPMAIIMOHHBIX PECYPCOB IO-
CPEIICTBOM COBPEMEHHBIX WH()OPMAIMOHHBIX TEXHOJIOTHMH W pa3BUTON HHpa-
CTPYKTYPHI.

NudopmaTuzamnms BKIOYaeT B ceOsl TpH B3aUMOCBSA3aHHBIX TMpoIiecca:

- meouamuszayuto (ot ynar. mediatus - BBICTYNAIONUN MOCPETHUKOM) -
COBEPILECHCTBOBAHUE CPEACTB cOOpa, XpaHEHUs U PACHPOCTPaHEHUs
uHbopMaIuy,

- Komnstomepuzayuro (OT aHTI. COMPULEr - BBIYUCIHUTENb) - COBEPILICH-
CTBOBaHHUE CPEJCTB MOKCKA U 00paboTKK WH(pOpMaIuu;

- unmennekmyanuzayuto (ot nar. intellectus - ywm, paccynok, pazym) -
pa3BUTHE CIIOCOOHOCTH BOCTIPUATHS U MOPOXKIEHUs WH(MOpPMAIUH, TO-
BBIIIAIONICH MHTEIJIEKTYaJIbHBIN MOTEHIIMAJ 00IIeCTBa.

B HacTosimee Bpemsi HA MHOTHX MEOEIbHBIX NPEANPUATHUSIX B KaueCTBE
MEPBOOYEPEAHBIX 3aJa4 PACCMATPUBACTCS peanu3alus JBYX IEpPBBIX COCTAB-
JSIOMUX Tporecca uHpopmaTuzanuu. s ux pemieHus TpeOyeTcss BHEIpECHHE
KOMILUIEKCHBIX CPEJICTB aBTOMAaTHU3al[Mi, OXBAaThIBAIOIIMX OCHOBHBIE ATAIlbl pac-
HIMPEHHOI'0 IPOU3BOACTBEHHOI O MPOILECCA U NMPEACTABICHHBIE PACIIPEAEICHHON
WHTETPUPOBAHHON MH(OPMAITMOHHOW CHCTEMON peaabHOTO BPEMEHH.
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3.1.1. ABToMaTH3HMPOBAHHbIE HH(POPMAIHOHHBIE CHCTEMBI H HX
KiIaccupuxkanus

Panee pa3paboTkoil aBTOMAaTH3WPOBAHHBIX PEIICHUN Pa3IUYHBIX 3a7ad
yIOpaBIeHUs] MeOETbHBIM TMPOU3BOJCTBOM 3aHUMAIIMCh, TJIABHBIM 00Opa3oM, B
pamMKax KpYyMHBIX MeOeIbHbIX 00BEeIMHEHH pernoHaibHOro Maciraba. Camo-
CTOATENbHO TOM00HBIC 3aJa4d MOTJIM pEIlaTh JIHMIIh HEMHOTHE KpPYITHBIE Me-
OenbHBIE MPEINPHUATHS, YTO OOBACHSIOCH JOPOTOBU3HOW BHIYMCIUTEIBHONU TEX-
HUKA U ee aeduiurtoM. KpoMe TOro, peTpoCHeKTUBHBIN aHAIU3 ITyOITMKAIIHA
MOKAa3bIBA€T, YTO B YCJOBHUSX TJIAHOBOW SKOHOMHKH BOMPOCAM aBTOMATH3AIlUH
VIOpaBJICHUS] Ha MEOEIbHBIX MPEANPHUATUIX YACTAIOCh CYIIECTBEHHO MEHBIIE
BHHUMaHH, Y€M Ha MPEANPHUATHSIX B JIPYTUX MPOMBIIUICHHBIX OTpaciax. Tak,
HampuMmep, Ha 1 suBaps 1976 roga, Bo Bpemsl yBlieueHHUs MOJ0OHOM mpoOiema-
THKOM, B mpombinuieHHOCTH ObiBmero CCCP neticrBoBano 2778 ACY, u3 HuX
Bcero nmmb 20 B JeCHOW M JepeBooOpadaThiBaroieil MPOMBIIUIEHHOCTH, YTO
cocranisuio MeHee 1 % ot o6mero yucna [90].

CHM)XKEeHHE CTOMMOCTH BBIYMCIHUTENBHBIX CUCTEM, Oarogaps JTOCTH)KCHH-
SIM MUKPODJIEKTPOHUKHU U CTPEMUTEITHLHOMY PAa3BUTHIO KOMITBIOTEPHBIX TEXHOJIO-
T, 00ecrneymino BO3MOXXHOCTh KOMITAHUAM CPEJHETO U Ja)Ke Majoro Om3Heca
npuoOpeTaTh win pazpadateiBaTh AVC pasnmuunoro HazHaueHus. OnuH U3 BO3-
MOXKHBIX BapuaHTOB kinaccudukanuun AVC, n3BectHbIX B Poccun, mpeacrasieH
B Tabn. 3.1 [9]1, 92]. B kauecTBe OCHOBHBIX KPUTEPUEB, TO3BOJISIOMIUX OTHECTH
KXyt KoHKpeTHYI0 AVC k 0HOHM U3 YeThIpeX MpeCTaBICHHBIX rpymi (Kiac-
COB), AIBJSIETCS e¢ (YHKIIMOHATbHAS TOJIHOTA - HA0Op peayn3yeMbIX (QYHKIIHM, a
TaKk)Ke CTETEeHb MHTErpaluu, T.e. COBMECTHOE, COTJIACOBAHHOE HCIIOJIh30BAHHE
(GYHKIHWM, U, COOTBETCTBEHHO, 3aBUCSIINI OT 3TOTO IICHOBOM THMAIa30H.

BooOmie cymiecTByOT pa3nudHbIe BapHaHTHl KiaccupuKanuu uHpopma-
IIMOHHBIX CHUCTEM B 3aBUCHUMOCTH OT MCIOJIb3YEMBIX KPUTEPUEB, CPEAN KOTOPHIX
MOJKHO BBIJICIUTDH CIIEIYIOIIHUE:

- 1Mo (QYHKIIMOHAIBPHOMY TMPU3HAKY. MapKETUHTOBbIE WH(OpPMAIMOHHBIC
CHUCTEMBI, IPOU3BOJICTBEHHBIE, JIs1 YIPABJICHHUS (PUHAHCAMU U BEICHUS
ydeTa, Uil yIpaBlIeHUs KaJpaMH U IpYyTye, 3aBUCAIINE OT CICIUPUKH
TIPEPUSTHS,

- TI0 YPOBHIO peaju3alliil YIMPaBJICHHs. CUCTEMbl HIKHEro (MCIOJIHU-
TEJIBCKOTO, OTEPATUBHOTO WM OIEPAIMOHHOTO0), CpeaHero (TakThye-
CKOTO) U BepXHero (CTparernueckoro) yposHeit (puc. 3.1);

- M0 MPHU3HAKY CTPYKTYPUPOBAHHOCTHU PEIIAEMBIX 3aJa4. CUCTEMBI, pea-
JU3YIONIME CTPYKTypHpOBaHHBIC ((opMamusyembie), HECTPYKTYPHPO-
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BaHHBbIC (He (QopMalin3yeMbie) U YACTUYHO CTPYKTYPHUPOBAHHBIC 3ajia-

YH.
Tabnuya 3.1
Knaccugpurxayus asmomamuzupo8anuvix uHGOPMAYUOHHBIX CUCmEM

b

=

EOE Mansle Cpennue

= JlokasbHbIe KpymHbie uHTErpHpO-
== WHTETPUPOBAHHbBIC | HHTETPUPOBAHHBIC

o & CUCTEMBI BaHHbBIC CHCTEMBbI
=g CUCTEMBI CUCTEMBI
5

- 2-50 teic. nomn. | 50- 200 teic. nomt. | 200- 500 ThIC. Mo, 3 500 TeIC. HOMII.
5

_ 1C:IIpennpusrue, | Concorde XAL, Microsoft Axapta, | SAP/R3,

S BOCT, Navision, MAX, Baan 1V,

g HHOTEK, Solomon IV, MFG/PRO, Oracle Applications,
= NudwuH, SunSystems, Platinum Era, JD Edwards u ap.

o dnarmaH, Bbocc-Koprnopanus, | Renaissanse,

= Wndo-Oyxranrep | ['amaxTuka, SCALA,

§ U JIp. [Mapyc u np. Business One,

as! FastForward u ap.

.....................................................

Bricmmii (cTpaTernyeckui

OBCHb YIIPABJICHUA

(anamu3 arperupoBaHHON HHOOPMAIINH, IPUHATHE

CTPAaTETHUECKHUX YITPABIEHYECKUX PEIICHHU)

~—

U

Cpennuit (TaKTHYECKHIA) YPOBEHD YIpaBieHus (aHamU3 U GUIbTPAIUs

uHGOPMAIUH, TPUHATHE TAKTUYECKHUX YIIPABICHUYCCKUX PEIICHHH,

arperanus JaHHBIX U1 IIepeJadyy Ha BBICIIMI YDOBEHB)

................................

Hcnonuureabckuii
Y YPOBEHb Y
VYyer u xpane- OnepaTUBHBIN Bsaumoneiict- MapkeTuHr u
HUC CBIPBS U [€ KOHTPOJIb <> Buecmnocras- [€> COBIT
MaTepHuajioB IMIPOU3BOJICTBA IMKaMH MpOAYKINU

0
Cenn

........ ? TT

[TepBuunsbie I[&HHLIGT ? THGPBI/ILIHLIG JI&HHLIGT? THGPBI/ILIHLIG H&HHLIG?T ?

Puc. 3.1. Tpexyposnesas opzanuzayusa unghopmayuonnoi cucmemsl
nO00EPHCKU YRPasieHus RPOU3800CHEEHHBIM NPEOnpUAmuem
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KomMOunupoBaHHbIi crocob kinaccudukanuu UHGOPMAIMOHHBIX CHUCTEM
Mo (YHKIIMOHAILHOMY TMPHU3HAKY C Y4eTOM YpPOBHEHW yNpaBJICHHS W ypOBHEH
KBaJIM(UKAIINH TIepCcOHasa MPeICTaBlIeH Ha puc. 3.2.

UYewm BhIIIIE IO 3HAYMMOCTH YPOBEHb yIPABJICHUS, TEM MEHBIIE 00bEeM pa-
00T, BBITIOJHSAEMBIX CTICIHAIMCTOM U MEHEKEPOM C MOMOIIbI0 MH(OPMAIMOH-
HOM cucTtembl. OHAKO TIPU TOM BO3PACTAIOT CIOXKHOCTh M UHTEIJIEKTYyaIbHbIC
BO3MOYKHOCTH MH(MOPMAIIMOHHOW CHCTEMBI, a TaKK€ €€ POJib B MPUHATUH Me-
HepKepoM pereHui. JI1o0oi ypoBeHb yIpaBieHUs HYKIAETCA B UHGOPMAILIHH
13 BceX (QYHKIIMOHAIBHBIX CHUCTEM, HO B Pa3HBIX 00beMaxX M C Pa3HOU CTETICHBIO
00o00mIeHwMs.

B ocHoBaHMM mupamuabl MpeACTaBiIeHb MHGOPMAIIMOHHBIC CHCTEMBI, C
MOMOIIIbIO0 KOTOPBIX HMCIIOJIHUTEIU 3aHHUMAIOTCSl ONepaTHBHOW (OrepariioHHO#)
00paboOTKOM JaHHBIX, & MEHEKEPhl HU3IIETO 3BE€HA - OMEPATHBHBIM YIpaBiie-
HueM. Ha BepmimHe mupaMuibl, HA YpOBHE CTPATETHUYECKOTO YIPABJICHHUS WH-
(hOpMaIMOHHBIE CUCTEMBl U3MEHSIOT CBOIO POJIb M CTAHOBSATCS CTPATETUUYECKH-
MU, TIOAJCPKUBAIOIIUMH JIEATEIIbHOCTh MEHEHKEPOB BHICIIETO 3B€HA 10 TPUHS-
THIO PENICHUH B YCIOBHAX Cl1a00 CTPYKTYPUPOBAHHBIX 3a]1a4.

Y¥POBHH YPOBHH
YIPABJIEHHA KBATHDHE AT
CTPaTEr HMECKIH IWeHems epl

BEICIIET 0 ZEEHA
Dy HFITHOHAIEHET
{ TARTHHECHII) IWleHemE epEl CpEHET O

VPOEHA M CIIETHATHCTEL
OTIepaTHEHET

{ OIEpPAITHOHHEDT) Henommorems

$Y¥HEHOHAIBHBIE
CHCTEMEI

[TponzeopcTED

PHEAHCE

Puc. 3.2. Kombunuposannwlii cnocod Knaccuurxayuu unhopmayuoHHvIX cucmem

Ecnmu cnemoBathe mpuHATON 3a pyoOekom kiaccudpukanuu AWC, To Bce
CUCTEMBI, TIOJIICP)KUBAIOIINE BeJeHUE OM3HEeca Ha MPEeANpPUATHIX, MOKHO pa3-
JCITUTh Ha CIeayomue ABe rpymimsl [92):
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- CcHCTeMbl ynpasieHus ousHec-npoueccamu (Business Management Sys-
tem- BMS);

- CHCTEMBI YIpaBICHHUS pecypcaMu TpeanpusaTHs (CHCTEMBbI, B OCHOBE
KOTOPBIX JIEKAT COBPEMEHHBIE METOJOJIOTHH YIPABIEHUS MpeapH-
atusmu MRPI/ERP).

B cBoro ouepenn, mporpaMMHBIC TTPOAYKTHI Kitacca BM S pa3ouBarorcs Ha

TpH TpyIibl, yciaoBHO Ha3biBaeMmble LOw End, Middle u High End PC. K nepgoii
rpynmne (Low End PC) oTHOCAT MOCTaTOYHO MPOCTBIC CHCTEMbI (Tak Ha3bIBae-
MBIC «KOPOOOYHBIE MPOTPAMMHBIC MPOAYKTHI»), MO3BOJISIONIUE aBTOMATU3HPO-
BaTh HEOOJBIIOE KOJUYECTBO CTAHAAPTHBIX OW3HEC-TPOIECCOB MPEANPUITHS.
Kak mpaBuiio, OHM yCTaHaBIMBAIOTCS HAa aBTOHOMHO pa0OTaroIIeM MEepCOHAb-
HoM koMmmbioTepe (I1K) wim B HeOObIION JTOKATBEHOM ceTH, 00beAMHSIOMICH 5- 7
KOMITbIOTEPOB. CTOMMOCTh MOJOOHBIX MPOTPAaMM HE MPEBBIIIAET 3 THIC. JOJII.,
BO3MOYKHOCTH UX KOH(pHUTyparyiy orpaHUYEeHBI, a caMa YCTaHOBKA M KOHPHUTYpH-
pOBaHUE MOTYT OBITH BBIMTOJTHEHBI COOCTBEHHBIMH CHUJIAMU. BONTBIIMHCTBO OTeE-
YECTBEHHBIX CHUCTEM, aBTOMATH3UPYIONIUX pabOTy OyXraiaTepuu MpeArpUSTHS
(mampumep, «1C-byxranrepusn», «Mupo-byxrantep» u ap.), OTHOCATCSA K JaH-
HOMY KJIACCY CHUCTEM.

Ko Bropoii rpymme (Middle PC) oTHOcAT cHCTEMBI, OTIHYAIOIIHECS
Oonpiied MIyOMHON M MIMPOTOM OXBaTa (PYHKIWH, BKIIOYAIOIIMX TOIIEPKKY
OyXrajaTepcKoro, CKJIaJACKOTO U APYTUX BUIOB ydeTa. CTOMMOCTh TaKUX CUCTEM
coctaBisieT OT 3 ThiC. 10 30 THIC. AOJUI., UX HACTPOUKY, KaK MPABUIIO, BBITIOJIHS-
10T TH00 ceruanucTsl (GUPMBI-pa3padoTIHKa, TUO0 CIIEUATUCTHI (GUPM, 3aHH-
MAIOIUXCS WX BHEAPEHHEM, MOCKOIbKY B MOJOOHBIX CHCTEMaxX TpeOyeTcs Omu-
caTh JIECATKH OW3HEC-TPOIeccOB. B kauecTBe mpumepa OTEUECTBEHHBIX pa3pa-
00TOK, OTHOCSIIMXCA K JAaHHOW TpyMIe, MOXXHO Ha3BaTh cucTeMbl «bOCT»,
«Dnarman», «1C-IIpeanpusiTue» u HEKOTOPbIE IPYTHE.

K tpetweii rpymme (High End PC) oTtHOCAT cucTeMBbl, KOTOpBIE MOTYT
MPUMEHSATHCS Ha MPEANPHUATUSAX CPeAHETr0 MaciuTada, He MPEIbABISIONNX BbI-
COKUX TpeOOoBaHMI K (PYHKIIMOHAILHOCTA M THOKOCTH CBOMUX CHCTEM YIIpaBie-
Hus. [lomoOHBIE MporpaMMHBIE MPOIYKTHI, PACCYUTAHHBIE Ha OJHOBPEMEHHYIO
paboTy GONBIIOTO KOJTUYECTBA MOJIB30BaTEN e, MOTYT COJAEPKAaTh OMUCAHUS CO-
TeH OM3HEC-TIPOIIECCOB, a A UX d3QPEKTUBHOTO (PYHKITMOHUPOBAHUS TPEOYIOT-
cs HaaexHbele omeparuoHubie cuctembl Windows NT/2000/2003 wmu Unix.
CrouMocTh cucteM qaHHO# rpymimsl coctaBiseT oT 30 Toic. 10 100 ThIc. M0 H,
KaK TpaBWJIO, COMOCTaBMMA C 3aTpaTaMH Ha UX BHeIpeHHue. 3 oTedecTBEHHBIX
pa3paboTOK K MPOIyKTaM AAaHHOW TPYNIbI OTHOCATCS cuctembl «llapyc», «[a-
naktuka» u «bocc-Kopnopanus», u3 3anafnsix - Concorde XAL u HeKOTOpbIE

IpyTHE.



137

K cuctemam BwICIIEro ypoBHSI OTHOCSITCS MPOTrpaMMHBIE TPOIYKTHI, KOTO-
pble 0a3upyrOTCs Ha cOBpeMeHHOUW Metomonoruu ynpasieHus ERP (Enterprise
Resource Planning - 1uiaHupoBaHKME PecypCcOB MPEINPHUSITHS), COAEPIKAT OMUCa-
HUSI HECKOJBKHUX THICSY OM3HEC-TIpoIieccoB, MoryT uMeTh 10 100 Teic. HacTpau-
BaeMbIX MapaMeTPOB U TPEOOBAThH CIOKHOU U JJIUTEIbHONU HACTPOHKH. CUCTEMBI
JAHHOTO KJIacca OTBEYAIOT OOJBIIMHCTBY 3allPOCOB KaK CPEIHUX, TaK M KPYyII-
HBIX MPEANPUATHIA, X cTOUMMOCTh cocTaBisgeT oT 100 twic. 1o 500 ThIC. M0, H
BBIIIE, CPOK BHEAPEHHUS - OT MOJyrojaa Ao moxyropa jeT u 6onee. [Ipu sTom
CTOMMOCTb BHEJIPEHUSI MOXKET B JIBa U Oojiee pa3 MPEeBBINIATh CTOMMOCTh CaMOM
cucTeMbl. B HacTosmee BpeMsi OTE€UeCTBEHHBIX Pa3pabOTOK MOJ0OHOrO Kiacca
HET, JIUIIb HEMHOTHE U3 CHCTEM MPUOIMKAIOTCA K 3TOMY YPOBHIO, peanu3ys, B
OOJNpIIEH UM MEHbIIEH CTENeHH, Npeablayumi cranaapt ynpasienus MRPII
(Manufacturing Resource Planning - miaHupoBaHue MPOU3BOJACTBEHHBIX pecyp-
COB), HampuMmep, YKa3aHHbIe BbINie cucTeMbl «[amaktuka» u «bocc-
Kopmnoparusa». Cineayer oTMEeTUTh, uTO pa3nuudbix ERP-cuctem B Mupe Hacuu-
TBIBAETCA HECKOJIBKO JECATKOB, B TO BpeMsa kak MRPI|-cuctem - Heckosbko co-
TEH.

Bce ERP-cuctembl MOXHO pa3fenuTh Ha JABE TPYIIbBI, KOTOPHIE OPUCHTH-
pOBaHBI Ha KPYMHBIE W CPEIHUE MPEANPUITHS, COOTBETCTBEHHO. K mepBoit
rpymmne otHocsTes cuctemsl: R/3 (pupma SAP, ©PT'), Baan IV (BAAN, Hunep-
nanael), Oracle Manufacturing (Oracle, CIIIA) u apyrue. Ko BTopoii rpyiie ot-
nocstcs cucrembl: MFG/PRO (QAD, CIIIA), SyteLine (Frontstep, CIIIA), Busi-
ness One (Oracle, CIIIA), infor:COM (infor Global Solutions AG, ®PI") u apy-
rHe.

ITo onenkam skcneptoB komnanuun SAP AG Russia, B TeueHue mocie-
HUX 2-3 JIET POCCHMCKUN PBHIHOK KOMIUIEKCHBIX WH(POPMAIMOHHBIX CHCTEM
(xmacca MRPII/ERP) naet exxeromusiii mpupoct ot 20 1o 40 %, nmpudem obec-
MEYNBAIOT €T0 B OCHOBHOM KOMITAHMH CpPEIHEro OM3Heca C TOJAOBBIM 000POTOM
csolme 500 teic. momi. CIIA.

Kommnanuu manoro Ou3Heca TakKe HCMOJB3YIOT CHEIHUaTU3HpPOBAHHBIC
MPOrPaMMHBIC CHCTEMBbI (JIOKaJIbHbIE MH(OPMAIIMOHHBIC CHCTEMBI), TTO3BOJISIO-
e ONTUMHU3UPOBATh CYIIECTBYIOIIME Ou3Hec-mpouecchl. [Ipu 3TomM qocTaTou-
HO aKTyaJIbHBIMH CTAHOBSTCS 33/1aud MHPOPMALIMOHHOTO U (PYHKIIMOHAIHHOTO
coryiacoBaHusi (MHTETpAIMK) Pa3JIMYHBIX MPOTPAMMHBIX CHCTEM B paMKax JICi-
CTBYIOIIETO MIPEANPUITHS.
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3.1.2. ABTomMaTH3alUsi NPOU3BOICTBEHHO-X03CTBEHHOM
AeATeJIbHOCTH MeGebHBIX NpeanpusTHii

Kak orMmeuanoch BbIlIe, OOIBITMHCTBO OTEUYECTBEHHBIX MEOCTBHBIX Mpe-
MPUATHI ABJISIIOTCS HEOOJIBITUMU KOMIAHUSMHU, KOTOPBIE TTOJHOCTHIO WM Yac-
TUYHO TEPENUTH Ha TM03aKa3HOe MPOU3BOACTBO Mebenu. Y HUX, Kak MPaBHIIO,
HEJI0CTaTOYHO (PMHAHCOBBIX CPEACTB I MOJHOMACIITAOHOTO BHEAPEHUS KOM-
wiekcHbIX HHpopmarnmonHbeix cuctem (KHMC), aBTOMAaTH3MPYIOUIUX OCHOBHBIC
aCMeKThl UX JeATENbHOCTH. TeM He MeHee, OyxTranTepcKo-(hMHAHCOBas U y4eT-
Has cdepa ACATENHHOCTH TaKUX MPEANPHUATHNA aBTOMATHU3MPOBAHA TOCTATOYHO
XOpOIIIO 32 CYET MCIOIb30BAHMS CPAaBHUTEIHHO HEIOPOTHX THUIIOBBIX OTEYECT-
BEHHBIX MIPOTrPAMMHBIX MPOAYKTOB, HAaN00JIee N3BECTHBIMU U3 KOTOPBIX SIBJISIOT-
cs1t pazpadotku Gpupmbel «1C» (r. Mocksa).

Jl711 aBTOMaTU3UPOBAHHOTO PEIIEHU 3a]a4 IJIaHUPOBAHUS U YIIpaBICHUS
Ha MEOCNBHBIX MPEINPUATUAX PSIA POCCHUIUCKHUIA (pUpM, 3aHMMAIOIIUXCST BHEIpE-
nueM KUC, npeqnararot anpoObupoBaHHbIE 3aMaJHbIE CHCTEMbI, OTHOCAIINUECS K
cpenHeMmy kiaccy. B uwactHoctH, kommanus «®ponrcren CHI» (r. Mocksa)
npemiaraet ERP-cuctemy SytelLine amepukanckoii pupmer Frontstep, Inc. (pa-
HEe U3BECTHOM Kak SymiX) B Ka4eCTBE MOIXOISIIECTO OTPACIECBOTO PEIICHUS IS
MeOenpHOM mpombInuIeHHOCTH [93]. IMeeTcst MOJI0KUTEIbHBIN ONBIT BHEAPCHHUSI
3TOW cHUCTeMBbI Ha MeOenpHOH (habpuke «ABuactap-mMeOenb», BXOAAIICH B MpoO-
U3BOJICTBEHHOE OOBbeIUHEHUE «YIJIbSIHOBCKMeOeb» (I. YIIBSHOBCK), a TaKkKe B
TOPTrOBO-TIPOM3BOJICTBEHHOW KOMIaHUU «Jlapco-meOens» (HbIHE rpymma KoM-
nanuii «J{apco», r. Mocksa). [Ipu 3T0OM cpeaHsIsl CTOMMOCTh BHEAPEHUS KaX10-
ro W3 TaK HA3bIBAEMBIX KOHTYPOB YIIpaBlIeHUs cocTaBiseT okojo 50- 70 Teic.
nosun. CHIA.

Komnanus «OnukPyc» (r. Mockpa) mpemiaraer pocCUiCKUM MeOeTbIu-
KaM cOOCTBeHHOE oTpaciieBoe pemeHue infor:Mebens - aganTUpOBaHHBIN Bapu-
auT cuctembl INfOr:FURNITURE; mnocnemusis peanum3zoBaHa Ha 0Oa3e ERP-
cuctembl iNfor:COM nemenkoit pupmer Infor Business Solutions AG (ubiHe -
rpynna kommanui [nfor Global Solutions) [94]. B atoii pa3paboTke ydTeH psij
0COOCHHOCTEW MeOeNbHBIX NPEANPUATHN, TaKUX Kak HEMEJICHHBIM pacder
CTOMMOCTHU U3JENUsI, OTCIACKMUBAHUE TOYHBIX CPOKOB MOCTaBKH, MOJJICPKKA pe-
3epBUPOBAHUS KOMIUIEKTYIOIIMX IO 3aKa3. Kpome TOTO, yUUTHIBaIOTCS OCOOCH-
HOCTH TIPOM3BOJCTBA M JAEIOMPOU3BOACTBA, K KOTOPBIM OTHOCHUTCS TaKXKe
opopmieHHe 3aKaza Ha fA3bIKe TMOcTaBlUKa. [locieaHsss 0COOCHHOCTh MMeEeT
00JbIII0€ 3HAYEHUE TSl OTEUECTBEHHONW MEOEIbHOW OTPaCiH, MOCKOIbKY 3HAYH-
TebHAs 9acTh (PYPHUTYPHI U KOMIUICKTYIOIIMX H3JEIUHN MOCTyNaeT u3-3a pyoe-
xKa.
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[To MHEHUIO PYKOBOJICTBA KOMIIAHUH «IDTUKPyC», IpaKkTHKa IpeIoxKe-
HUS TPEANPUITHIM PEIICHUM, W3HAYAJIBHO aJalTHPOBAaHHBIX K TpeOOBaHUAM
TOM WM MHOM OTpAC)M, @ HE HACTPOIKA CYNIECTBYIOIINX YHUBEPCAIBbHBIX pellle-
HUW, HAWIY4YIIUM OOpa3oM OTBEYAET MOTPEOHOCTSM CPEAHUX U MalbIX Tpe.-
npusituid. [Ipu 3TOM 1151 cTapTa BHeApEeHUYEeCKUX paboT Tpedyercs cyMMa HEe Me-
Hee 50 teic. momn. CIIA, a anms peanusanuu MOTHOIEHHOTO TpoeKkTa — Oosee
150 teic. momn. Psg poccuiickuii MeOENbHBIX MPEANPHUITHH, cpean KoTopbix [TK
«Koproparust Daekrporopckmedens» (r. DiaeKTporopck, MocCKoBckas 00I1.),
3A0 «DHrenbcckas medenpHas padpuka» (1. Durensc, CaparoBckas 00:1.), MK
«Karromra» (r. JIaTekoBO, BpsiHCcKas 00i1.), OCTAaHOBWIIM CBOI BBIOOp HAa TAaHHOM
OTpaCJIEBOM PEIICHUMU.

CnenyeT OTMETHTb, YTO BHEIPEHUE MOJOOHBIX CUCTEM Ha MeOeTbHBIX
NPEINPUATHSIX 32 pyOEIKOM BBITIOIHASTCS B KOMILICKCE ¢ pa3paboTkoit (amanra-
1uer, mopadotkoii) u BHeapeHueM creranusupoBanHbeix CAIIP (CAD/CAM-
cuctem). Hampumep, BHeapenne otpacieoro pemieHus infor:FURNITURE na
BeayIlleM HeMelkoM MebenpHoM mpennpustun Weimann Ladenbau GmbH, yc-
nenrHo BoeinmotHeHHOe B 2004 T., 0CyIIeCTBISIOCh COBMECTHO KoMmaHusimMu | nfor
Global Solutions u COBUS ConCept. Ilocnenuss usBectna B OPI” kak paspa-
ootunk cneruanu3upoBanHbix CAD/CAM -cucteM st MEOCTBHBIX U IEPEBOOO-
pabaTeIBaONIMX peApUATHii [99].

Buenpenueckuii nentp OO0 «1C-Papyc» (r. MockBa) mpemiaraet me-
OENBbHBIM TPEANPUATAAM COOCTBEHHYIO pa3pabOTKy - THUIOBOE pemieHue «1C-
Papyc: MebGenbHoe mpeanpuaTre», mpeaHa3HaueHHOE JJIs aBTOMAaTH3aIlUU OIle-
PaTUBHOTO M YIPABICHYECKOrO Yy4yeTa Ha MNPEANPHUATHIX, OCYUIECTBISIOIINUX
MPOU3BOJICTBO U Tpojaxy mebenu [96]. B ocHOBe 3TOrO pelIeHUs JICKUT H3-
BECTHBIM MporpaMMHBIA TTPoayKT «1C-Ilpemnpustue 7.0» poccuiickoit ¢hupMbl
«1C» (r. Mocksa).

[Iporpammusbrii maketr «1C-Papyc: MebGensHoe mpeanpusatue. Pem. 2.0»
MO3BOJIAET BBIMOJHUTH MOCTPOEHUE M HACTPOUKY CIEIYIOIIHMX aBTOMATHU3UPO-
BaHHBIX pabounx MecT (APM): pyKOBOIUTEINs MPEANPHUATHS, HAYAILHAKA TIPO-
M3BOJICTBA, TEXHOJIOra, HAYaJIbHUKA CIIYObI CObITA, HAYaJIbHHUKA CIY>KObI CHAO-
KEHUs, MEHEKEepa CKJlaia, Oyxrainrepa.

Tunosoe pemenue «1C-Papyc: MebenbHOE npeAnpUsiTUE», TOMUMO TIe-
penayu JaHHBIX (pa3Mepbl MeOEIbHBIX 3ar0TOBOK) B MMPOrPaMMbI (HOPMHUPOBAHHSI
KapT pacKkpos JUCTOBBIX MaTEPHAIIOB, IPEAYyCMAaTPUBAET HHPOPMALIMOHHBIN 00-
MeH co crienuanu3upoBanHbiMu CATIP mebenn «BA3UC» n «K3-Mebensb» (cMm.
Bhilre puc. 1.3). B wactHocTH, 11 cipaBouHMKa «HoMeHKIaTypa» (Marepuaibl)
o0ecreynBaeTcsl BYXCTOPOHHSSI Tiepefada JaHHBIX, a WHPOpMAIMs O 3aKa3e
sarpyxaetca u3 CAIIP mebenu 1 MOKEeT KOHBEPTHUPOBATHCS B PsiJi B3aUMOCBS-
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3aHHBIX JIOKYMEHTOB (3aka3 Ha OTTPY3KYy, TEXHOJIOTHUECKas KapTa, 3aJaHKhe Ha
TIPOU3BO/ICTRO).

Takum 00pa3oM, B HACTOsIIEe BpeMsi Ha OTCUSCTBEHHOM pPBIHKE MH(OP-
MAI[MOHHBIX TEXHOJOTUH TpPEeJCTaBICHBl Pa3HOOOpa3HbIC MPOTPaMMHBIC pellle-
HUS, CBS3aHHBIC C ABTOMATH3AIMEH TOJICPKKU PA3IUYHBIX ACMEKTOB IMPOU3-
BOJICTBEHHON M yIPABICHYCCKOW ACSITCIbHOCTH MPEANPUATHH (B TOM YHCIE H
MeOeIbHBIX). AHAIU3 MPEACTABICHHBIX PEIICHUN MOKA3bIBAET, YTO B OOJIBIITHH-
CTBE CJIy4YaeB OHU HIHOPHPYIOT CaM «OOBEKT» IPOM3BOJACTBA, T.€. MPEIMET
TpyAa B €ro 3aBEpUICHHOM IPEJACTABICHUM - MeOelbHOE H3JACIUe WIU aH-
camOJb, ONepHUPys MPU 3TOM HEKOTOPHIMHU OINMOCPEICTBOBAaHHBIMUA (DUHAHCOBO-
HYKOHOMHUYECCKUMH TOKa3aTeIAMH. [Ipu 3TOM psiJi BaKHBIX OCOOCHHOCTEH To3a-
Ka3HOT'O MPOMBIIUICHHOTO MPOSKTUPOBAHMS M MPOU3BOJCTBA CIOKHON KOPITYC-
HoI MeOenu (pakTruecku He OepyTcs B pacueT [97].

B ToO ke BpeMs, BaXKHO y4YeCTh M COXPaHUTh OCOOCHHOCTH 3aKa3aHHOTO
MeOeTBLHOTO aHCaMOJII Ha BCEM MPOTSHKEHUH PACIIMPEHHOTO MPOU3BOICTBEHHO-
ro IMpolecca, BKIIOYAOIIETO 3Talbl AU3aiiHa U KOHCTPYKTOPCKOW MPOpabOTKH,
TEXHOJIOTMYECKOW TOrOTOBKU MPOM3BOACTBA U COOCTBEHHO HM3TOTOBIICHUS H3-
JCTUH, TIOCIIeYIOIIeH KOMIIOHOBKH MX B COCTaBe MeOEIbHOro aHCaMOJIs H, BO3-
MOKHO, 00OpYy/IOBaHUsI MHTEpPhepa MOMeIeHus. [Jis 3Toro HeoOX0 UMbl aJIeK-
BaTHBbIC WH(OPMAIIMOHHBIC MOJICIIH MEOSITHHOTO HM3JCIUS U OCHOBHBIX JTarloB
ero XII, BaXHEWIIUM Cpead KOTOPBIX SIBISICTCS OSTal KOHCTPYKTOPCKO-
TEXHOJIOTMYECKOW MOATOTOBKH MPOM3BOACTBa. MH(DOpManMOHHOMY MOAEIUPO-
BaHUIO JIOJDKHBI MPEIIICCTBOBATh MPOIEAYPhl MHPOPMAIMOHHOTO 00CIeI0Ba-
HUS ¥ MIPOCKTUPOBAHHUS MPOIIECCOB MPOU3BOICTBEHHO-X03SMCTBCHHOMN JICSITEIh-
HocTu npennpusTus [98, 99].

BaxxHocTh MHPOPMAITMOHHOTO MOJCIUPOBAHMS B MPOIECCaX MPOCKTHUPO-
BaHUs, peasin3anuu 1 ucnoibs3oBanus AVC TpynHo nepeoreHuTh. FiIMeHHO OHO,
SBIISISICH PA3HOBUIHOCTHIO MAaTEMAaTHYECKOTO MOJCIUPOBAHUS, MO3BOJISICT 3aJI0-
KHUTh MPOYHBIC OCHOBBI JJIs Pa3paboTKu 3 (PPEKTUBHON MHPOPMAITMOHHON CHC-
TeMBI. 3/1eCh YMECTHO YIIOMsIHYTh P. Bapkepa, mpu3HaHHOTO 3KCTepTa B 00JaCTH
AUNC n Bune-npesnaeata ORACLE Europe, xoTtopslii HEOTHOKPATHO 3asBIISI,
4yT0 MHGOpPMAIUs JIOJKHA PAacCMAaTPUBATHCA HE TOJBKO KAaK HEKas MpUHAJIe-
Karask TPeanpUsITHIO IICHHOCTh, HO W KaK OTHPaBHOW MYHKT B MPOIECCE IO-
CTpOCHHS HH(POPMAITMOHHON CUCTEMBI, 00CITYKHBAIOIICH MpEANpUITHE.

B o310l cBsI3M 1enecoo0pa3HO PaccMOTPETh MeOCNIbHOE MpeNpusThe,
OCYIIECTBIISIONIEE IM03aKa3HOE MPOMBIIIICHHOE MPOU3BOJCTBO, KaK MPUMED
MIPOU3BOIUTEIIBHON CUCTEMBI, aKIICHTHPOBAaB BHUMAaHHE Ha IOJCHCTEME 00pa-
OOTKHM JaHHBIX W MOJJICPKUBAOIICH e WH(OPMAMOHHON HH(DPaACTPYKType.
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3.1.3. MeOeabHOe NpeanpusiTHe KAK NPOU3BOAUTEIBLHAN CHCTEMA

MebGenpHOe TpeanpusiTHe, HapsAay C APYTMMU MPOMBIIUICHHBIMU Tpea-
MPUATHUSIMHU, OCYIIECTBISIOUMMHA MPOU3BOJICTBO TOBAPOB MJIS YJIOBIETBOPECHUS
HYXJI KOHEUHBIX MOTPeOUTENIe, MOKET pacCMaTPUBATHCA KaK MPOU3BOIUTEIb-
Has cucTeMa. B coctase 3TOM CMCTEMBI MOKHO BBIJEINTD CIEAYIOIIME OCHOBHBIE
noncuctemsr [100]:

- mpowusBojcTBa ToBapa (P - product);
norpebaeHus Tosapa (C - consume);

- pacmpejeleHUs-I0CTaBKU ToBapa motpedurensm (L - logistic);

- YTWIM3AIlUM OTXOJOB IMPOM3BOJCTBA, PACTPEIEICHUS U MOTPEOJICHUS

toBapa (R - recycle);

- 0o0pabotku mH(popMaruu, obecreunBaroicii QyHKIMOHUPOBAHUE TTPO-

u3BoauTeapHoM cuctemsel (D - data).

[lepeuncneHHble TOACUCTEMBI CBSA3AHBI IPYT C IPYroM MaTe€pUaIbHBIMU U
WHOOPMAIIMOHHBIMU TIOTOKaMU. C HX Y4YETOM TPOU3BOAMTEIBHYIO CUCTEMY
MOKHO CXE€MaTUYHO MPECTABUTh B BUJE, TOKA3aHHOM Ha puc. 3.3.

Baxxneiiuryto posib B IpOU3BOAUTENBHON CUCTEME UTPAET MOACUCTEMA 00-
padoTku uHpopMaiuu (D), BEICTyMaroIas B Ka4eCTBE CBI3YIOMIETO 3BEHA MEXK-
Iy JpYTrUMH mojcucremMaMu. B qt000M, B TOM yucie U MeOeJIbHOM MPOU3BOJICT-
BE, OHA OXBATBIBACT PELICHUE 3a7a4, OTHOCAIINUXCS K aHAJIM3Y PbIHKA U OIpeJie-
JICHUIO LEJIEN NESATEIbHOCTH; MPOCKTUPOBAHUIO M3AENUS, METOJAOB M CPEACTB
MPOU3BOJICTBA, PACIPEIEICHNUIO, MOTPEONCHUIO W YTUIW3ALUU; YIPaBICHUIO
(GYHKIMOHUPOBAaHUEM MTPOU3BOIUTEIHHON CUCTEMBI U BCEX €€ MOACUCTEM.

Nudopmarnus, mupkynupyomas B MpOU3BOIUTEIBLHON CUCTEME, CO3aeT-
cs, TIpeoOpa3yeTcss W HaKalIMBaeTcs B cucreMax KoHcTpykropckon (KIIIT) wu
texHonorudeckor (TIIII) moATOTOBKH NMPOM3BOJACTBA, KOTOPHIE MOTYT OBIThH
00BCMHEHBI B CAMHYIO CHUCTEMY KOHCTPYKTOPCKO-TEXHOJOTHUYECKOHN (TeXHUYe-
ckoif) moaroroBku npousBojacta (KTIII). MHDopMaIMOHHBIE TOTOKU MEXIY
noacuctemMamu, coctasisommmu cuctemy KTIII, uMeroT cnoxHyro cTpykTypy,
KOTOpasi OTpa)aeT B3auMOCBA3b M B3aUMO3aBHCUMOCTh 33aJa4, BOSHUKAIOIIUX U
penaeMbIX B IPOU3BOAUTEIBLHOM CUCTEME HA Pa3HbIX 3Tanax >KM3HEHHOTO [HKIa
uznenus KL, O6001meHHo CTPpYKTYpY HH(POPMAIIMOHHBIX TOTOKOB B TIPOM3BO-
JUTEIIBHOM CHCTEME MOKHO NPEJCTABUTH C MOMOIIBID CXEMbI, MOKAa3aHHOM Ha
puc. 3.4.

W3 npuseaenHoi cxemsl (puc. 3.4) BUAHO, YTO IEHTPATHLHOE MECTO B IIPO-
necce 00paboTKu WH(pOpPMAIMK B MPOU3BOAUTEILHON CHCTEME, OTBOAUTCS CHUC-
teme KIIII. B HacTosiee BpeMsi MOCTPOEHUE JIFOOON U3 TaKUX CUCTEM OCHOBBI-
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BAETCA HA MCIIOJb30BAHUM KOMIUJIEKCHBIX CPEACTB aBTOMATH3allMU, BKJIIOYAIO-
IIMX B CBOM COCTAB CHeIMAIN3upoBaHHbIe n/vuian yauBepcaibubie CAIIP.

P - moncucrema npousBoxactsa; C - mojacucTeMa norpeOIeHus;
L - moacucrema J0CTaBKM TOBapa MOTPEOUTEISM,;

R - moacucrema yrunusanuy; D - moacucrema o6paboTku
nHpOpMaLIKH.

—— P MarepuanbHblii HIOTOK

_________ » MudopmaronHslii HoTok

Puc. 3.3. Cxema mamepuansnwvlx u uHGOPpMaAYUOHHBIX RHONOKO8
6 NPOU3600UmMELHOI CUCEME

CxeMbl, mpeacTaBlieHHbIe Ha puc. 3.3 U 3.4, WIIIOCTPUPYIOT BaXKHOCTh
s dexTuBHON cucTeMbl 00pabOTKH HHGOPMAIMHU B JTIOO0W TMPOU3BOIUTEIHHOM
CUCTEME BHE 3aBUCUMOCTH OT OXBaThIBAEMOMU €10 mpeaMeTHor obnactu. Kauect-
BEHHBIE M KOJMYECTBEHHBIC IMOKa3aTeIN CHCTEMbl 00pabOTKM WHGPOpMAIMHA B
3HAYUTEIBHON CTETMEeHU OmpeAestorcs 3(PPeKTUBHOCThIO WH(DOPMAIIMOHHOM
uHppacTpyKTyphl npeanpusatus. [IpoekTupoBanue mogo0HOW HHPPACTPYKTYPHI
1 pa3paboTKa aBTOMATU3UPOBAHHBIX CPEJCTB YMNPABICHUS €10 SIBISIOTCS BaXK-
HEWIIMMH U MEPBOOYEPETHBIMH 3aJa4yaMU 0 CO3JaHUI0 MHTETPUPOBAHHOM WH-
(GhOpMaIIMOHHOW CUCTEMBI TIPS AMPUSTHS.

[Tpu pazpaboTke MHGOPMAIMOHHONW HUHPPACTPYKTYPHl MEOEITHHOTO TMpe-
MPUATHUS, OCYHIECTBISIOMIEr0 MO3aKa3HOE MPOU3BOACTBO CIIOKHOW KOPIYCHOM
MeOenr, MOXET ObITh HCIOJIb30BAHO OO0OOIEHHOE MPEeACTaBICHUE Mpoliecca
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MPOCKTUPOBAHUS B BUJIE MHOTOYPOBHEBOW, KOHBEHUEPHOU U CETEBOM MOJEIH, B
koTopoii [101]:

- aCIEKThl U YPOBHHM OTPaXKarOT ATalbl MPOSKTUPOBaHUS O0OBHEKTa, a Tak-
K€ TMPOoleCcC MOCIe0BaTeIbHON AeTann3aluu 00beKTa B XOAe MPOeK-
TUPOBAHUS,

- KOHBEHEp OTpa)kaeT MEXaHU3Mbl NEpedayd AaHHBIX MEXIy ATalaMu
mpoeKTUpoBaHus (He 00s3aTEILHO COCEIHMMHM), a TAaK)Ke CIIEKTP Iepe-
JlaBa€MBbIX JAHHBIX;

- CeTeBas CTPYKTypa OTPa’kaeT MmapamMeTPUUYECKHUE CBSI3U MEXKIY OTICIb-
HBIMH XapaKTepucTHKaMu (aTpruOyTaMu) IPOEKTUPYEMOr0 00BEKTA.

—» MarepuanbHblil IOTOK ----p HHpopManoHHbII MOTOK

II - cucrema neneobpasoBanust; KITII - cucteMa KOHCTPYKTOPCKO# MOATOTOBKU
npousBoctea; TIIII - cucTeMa TeXHOJIOTHYECKOW MOATOTOBKH MPOU3BOJICTRA;
D, P, L, C, R - 00603Ha4eHus1 COOTBETCTBYIOLIUX MOJICUCTEM IPOU3BOIUTEIBHOM
CHCTEMBI (CM. BEIIIIE).

Puc. 3.4. Cmpykmypa unghopmayuonnsix nomoKoe 6 npoU3800UmMeNbHOU cCUcmeme

lenTpanbHbIM 3B€HOM OOOOIIEHHON MOJENU SBISIETCS 00OBEKTHAS CTPYK-
TypHO-aTpuOyTHUBHAsA Moaenb KMUA, koTopast UCMONB3yeTCs B KAUECTBE «UH-
(OPMAIMOHHOTO SApa» MPU peaTu3alryl MPOILEeCcCOB MapaljiebHOTO, WIH CO-
BMEIIIEHHOT'O MPOEeKTUpOBaHus (CONcurrent engineering) ua npeanpustuu (puc.
3.5).

[TapannenbHOe TPOEKTUPOBAHUE, B OTIUYUE OT TPATULMOHHOIO, MOCIE-
JOBAaTEIBLHOIO MOJXO0Ja, MO3BOJISET COKPATUTh Kak oOllee Bpems, 3aTpaynBac-
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MO€ Ha pa3pabOTKy MPOEKTa, TAK U KOJUYECTBO COBEPIIAEMBIX MPHU 3TOM CYObh-
eKTUBHBIX omuOok. Cucrema 00paboTku nHpopManuu ucnoiaszyer OCAM mns
obecrieyeHuss MHPOPMAIIMOHHBIX OOMEHOB MEXIy MOJCHCTEeMaMH, HauHWHAas C
CaMbIX pPaHHMX 3TaloB mnporecca npoekrupoBanuss KMUA, nmo3Bonss, tem ca-
MBIM, OIIEPATUBHO BHOCUTH WU3MEHEHHMS B MPOEKT C YUETOM CYHIECTBYIOIIMX WJIA
WU3MEHUBIIUXCS TEXHOJIOTHYSCKUX yenoBwii [60].

Tp 4 TH0HHa (1']]] CJIe J0BarT E.]'I]-.-HEIH) OpTraHT3a A Ip 0eKTHR OB A HITA
AnumensHocm b Ouairenekoll paap aform i
AINUIE N HOCK] b KOHS HIEPRFIOPCROLI Ba apadorir
|7 Anuren sHo cme WIETHONOZ, padn afior il

A e
- B i ™

B N I

IIap annebHaA OpraHIBAIRA [POEKTHBIX pador

T .
45 3 F 45

OCAM EMHA By

~ MPOCVRIRIEHOS EPEMA . — SPEAMA, IARPRESHROE R COSAACOERRNE U
HOPPERIMUPOSKY HPOSRIEBLE OaHMHbIX

Puc.35. Coxkpawenue epemenu na pazpabomky npoekma KMHA npu opzanuzayuu
napannenbHo20 NPoeKmMupPoBanus

HeobOxo1umMo 0TMETUTD, YTO B paMKax mpeiokeHHo koHuenuu BOTIIT
BO3MOKHOCTh «PaHHEr0» CcTapTa i Ka)XXJ0ro MOCIEAYIOIIEro dTarna MpoeKTH-
pOBaHUs MOXET OBITh pacnpocTpaHeHa u Ha Apyrue stanbl KL MmedenbHOTO U3-
nenvst (B 4aCTHOCTH, IPH IUIAHHPOBAHUHM MaTepHaIbHO-TEXHUYECKOro obecre-
YEHUsI MPOU3BOJCTBA, JOCTABKH, YCTAHOBKHM M TapaHTUHHOTO OOCHTY>KHBaHUS
MeOeu y 3aKa3uuKa).
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3.2. OcHOBHbBIE MOJIOKEHUS] KOHIENIIUN 0€30MHO0YHOT0 NPOEeKTUPOBAHUSA
U IPOM3BO/ICTBA KOPIYCHBIX MeOeJIbHbIX U3/IeJIMi 1 aHcamOJiei

dopmupoBanue HMHGOPMAIMOHHOW HUH(PPACTPYKTYphl  MPEANPUATHSA
JOJDKHO BBITIOJHSTHCS C Y4€TOM OCHOBHBIX TojokeHHi Koumenmuu BOTIIT
KMMUA, cpenu KOTOPBIX HEOOXOIUMO BBIICIHTE ciieaytomnue [66, 102]:

1. Eounan xonyenmyanvnasa ocHO6a WHTETPUPOBAHHOU WH(OpMAIIUOH-
HOM cpenapl, oOecneuuBaromias YCIOBHUS JIS HCKIIOUYEHUS HEOOOCHOBAHHOTO
nyOMMpoBaHUS MPOEKTHBIX MPOLEAyp W omnepauuid. B kayecTBe Takoi OCHOBBI
MpeiaraeTcsl UCrojab30BaTh:

- 00BEKTHYIO CTPYKTYypHO-aTpuOyTHBHYIO Moeiabr KMUA [69, 103];

- KOHIIETITYaJbHYIO MOJENh HH(OPMAIMOHHBIX OOMEHOB, pealnu30BaH-

HYI0 B BHJE aCHHXPOHHOTO IOCJEeA0BaTeIbHO-TIapalIeNbHOTO HHPOP-
MaIlMOHHOTO KOHBEHEpa ¢ CHUCTEMHBIM HHTEp(}ErcoOM KOHTEHHEPHOTO
tuna [101, 104, 105].

2. CK603HaAA UHEMOPMAUUOHHAA NOOOEPIHCKA PACTIPEICIICHHBIX MPOIEC-
COB MpoeKTHpoBaHus U npousBojacTBa KMUA, Gazupyromasicsa Ha npeajioxKeH-
Hoii uHpopManmornHor Monenu (OCAM) u MHPOPMAITMOHHONW HHPPACTPYKTYpE
Y TIO3BOJISIONIAs YCTPAHUTh MOTEpU U AyOIMpOBaHHE WH(POPMAILIMH TPU €€ BBO-
ne u obpaboTtke. JlaHHas BO3MOKHOCTh MOKET OBITh 0OecreueHa myTem IMpeaoc-
TaBJICHUS peTJIAMEHTUPOBAHHOTO JocTyna K paszaenam OCAM wu3 mwoboit mpo-
CKTHOMW MPOLIEeypPhl, BXOAIIEH B cOCTaB MH(OpMAIIMOHHOTO KOHBeHepa [55].

3. Ilogviumenue ypoeusa abcmpazuposanus npu pa3padOTKe WHIAWBUIY-
anpHOTrO Npoekta KMUA 1 MUHMMM3alMsl CTENIEHW Y4acTHs Y€JIOBEKA B Ka4eCT-
Be JITIP - nuua, npyuHUMAIOMIETO PEUIEHHUE, MPU BHIMOJIHEHUHU MPOEKTHBIX MpPO-
Heayp W onepainuid. YpoBeHb aOCTparupoBaHus MOXKET ObITh MOBBIIIEH 3a CUET
0TKa3a OT pa3pabOTKX HU3KOYPOBHEBOU MOTHOPOPMATHON FEOMETPHUUECKON MO-
JeNA U3JEeNHs, Tepexoia K KOMIUIEKCY MH(pOPMaIMOHHBIX Mojenel Ooyee BbI-
COKOT'O YPOBHS Y UCIOJIb30BaHUs COOTBETCTBYIOMIETO HHCTpyMeHTapus [ 106].

4. Hnmepaxkmuenoe ¢hopmuposanue un@opmayuoHHoi mooeau, BKIIO-
Yaromieil 3CKU3HOE, CTPYKTYPHO-aTpHOYTHBHOE U Tpado-aHATUTHIECKOE OTHCca-
HUE O0BEKTa MPOECKTUPOBAHUS, C MOCIEAYIONEH aBTOMAaTHYECKON TreHepanueit
F€OMETPUYECKOM MOJEIN O0BEKTa, YUYUTHIBAIOLIEH 3aJaHHBIE KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUE TpeOOBaHUS M OTPAHUYEHUS, U BU3yaJIbHOM MPOBEPKON 3TOU
Monenu B cpene crnenuanuzupoBannoi CAIIP kopmycHoi mebenu [107]. Un-
dopmanronnas moaenb (OCAM) dopMupyeTcss Ha dTale SCKH3HOIO IMPOCKTH-
poBaHus B npouecce nHxkuHupuara KMHWA ¢ ncnonb30BaHMEM KOMILIEKCA CIie-
UMAATU3UPOBAHHBIX ~ MHCTPYMEHTOB -  ABTOMHTEPAKTHBHBIX  TaOJIUYHO-
rpauuecKux peraKkToOpoB, 0OECIEUYNBAIOIINX BO3MOXKHOCTH BEICOKOYPOBHEBOTO
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onucanusi o0bekra mpoekrupoBanus [70]. 3amaum pabodyero MPOSKTUPOBAHHMS,
BKJIFOYAIOIIME TOJATOTOBKY YepTEKel, crenuukanuii 1 CMeThl, PEIIaloTcs B
MPOIECCe PEUHKUHUPHUHTA MTPOTOTUITHOHM Moaenn KMUA [59].

5. Obocnosannasa u30bIMOYHOCHD CEMAHMUYECKOU UHGOpMayuu c
IEIbI0 BBITIOJHEHUS AITOPUTMUYECKOTO KOHTPOJs (OPMHUPOBAHHUS HCIIOIHU-
TEJNBHBIX JaHHBIX (MacCHBa UCHIOJHUTEIBHBIX KOOPJIUHAT) MPOCKTA HA JTaIle re-
HEpaIuu reoMeTpuieckoi Monaenu. M30bITouHass ceMaHTHYecKas WHQpOpMaIus
MpeACTaBiIsieTCs, TJIaBHBIM 00pa3oM, rpado-aHATUTHYECKUM OIUCAHUEM, WC-
MOJIB3YIOIIUM CTICIIHATBHO Pa3pabOTaHHYIO HOTAIUIO - MHOKECTBO OTIEPaTOPOB
OTHOWIEHHUUN Mexky 3neMeHTaMu cTpykrypsl KMUA. I[Iporpammuas noanepkka
JaHHOTO Habopa omepaTopoB OOECTICUMBAET aBTOMATHUYECKOE (POPMHPOBAHUEC H
MOCEeAYIOIIEee UCTIOb30BAHKE IS 1€JIel KOHTPOJISl 0ObEKTHOTO MPEeACTaBICHUS
ctpyktypsl KMHA Ha 3Tane peuHKMHUpPUHTA TPOTOTUITHON MOIEIIH.

6. Hcnonv3oeanue u pazgumue cpeocme agmomamuzayuu nNpoeKTUPO-
BaHMS, MOBBIIIAIOIINX KaY€CTBEHHBI YPOBEHb Pa3pabOTKH MPOEKTOB CIOXKHBIX
MeOeIbHbIX aHCcaMOJIeN U CO3AaI0IMX HE0OX0quMYI0 0asy i nepexoja K rud-
KOMY aBTOMAaTHM3MPOBAaHHOMY II03aKa3HOMY NPOM3BOACTBY. [lns peanmzanuu
CKBO3HOW WH(OpMAMOHHON Mo IepKKH IpoekToB Ha ocHoBe OCAM KMUA
TpeOyeTcss  MCHOJIb30BAHUE  KOMIUIEKCHOW  CHUCTEMbl  IPOECKTUPOBAHUS
(CAD/CAM/CAE/PDM), BKiItOYarOIICH B CBOM COCTAaB BHICOKOYPOBHEBBIC CPEJI-
CTBA 3CKU3HOTO MPOECKTUPOBAHHS.

7. Tpexypoenesasn apxumexkmypa pacnpeoenennoi CYB/] pensuyoHHo-
ro THma, obecreunBaromas pacimyupeHHy0 (yHKIMOHATBHOCTh U OPUEHTHUPO-
BaHHAs Ha JJTUTCIIBHOE MCIOJIb30BAHUE U BBIMOJTHEHHE TEMITOPAIBLHOTO (C MpH-
BSI3KOW K BPEMEHHON OCH) MOHUTOpPHHTA 0a3 TaHHBIX.

8. ®opmuposanue apxuenoit cucmempl v IOAICPKaAHUE €€ B aKTyalITbHOM
COCTOSIHUHU, IIMPOKOE MCIOJIb30BaHUE OMOIMOTEK MPOTOTUITHBIX MOJEJIEH KOp-
MyCHBIX MEOEIbHBIX U3ACIUA. ApXUBHAs MOACUCTEMA - OJHA U3 BAKHEHIIUX
COCTAaBIISIFOLITUX MH(HOPMAITMOHHOW HHPPACTPYKTYPHI MEOCIBHOTO TIPEANPUATHS,
BBITOJTHSIONIAs (PYHKITUN TI100aTBHOTO0 XPAaHUJIHUINA MPOEKTOB (MIPOSKTHBIX pe-
IICHUI) B COCTaBE aCMHXPOHHOTO MOCIEA0BATEILHO-TIAPAILICIIBHOIO KOHBEHepa
MPOEKTUPOBAHMUS.

9. Yuuguuupoeannasa unghonozuueckas mooeny CTpyKTyphl TpPEANpHU-
ATHSI, OTpaXkarouiasi 0COOEHHOCTU MPEeIMETHOW 001acTH, a TakkKe pazHooOpasue
aCIIEKTOB OTHOIICHUH MEXAY CYUIHOCTAMH MPEIMETHON 00IacTH.

Peanuzanus npeacTaBieHHBIX BbllIe MonokeHui konnenuuu BOIIIT mo-
3BOJISIET YYECTh PsAJl OTPAaHUYEHUM, OMPEACNSIIONUX OCOOCHHOCTH MO3aKa3HOro
MPOEKTUPOBAHUS U TPOU3BOACTBA cI0KHBIX KMIUA, a nmeHHo:
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- aHcaMmOJb BKIIOYaeT B ceOsl MeOenbHbIE U3CNHs pa3IuyHON QyHKIHO-
HAJIBHOCTH, 0OBEIUHCHHBIC CAMHBIM CTUJICBBIM (IM3aiHEPCKUM) pelle-
HUEM (3aMBICIIOM);

- cruneBoe opopMIIeHHe aHCaMOJsl JOCTUTAETCS HE TOJIBKO 3a CUET dJe-
MEHTOB OTJ/ICJIKH, HO U IMYyTEM PealTU3allui apXUTEKTYPHBIX (au3aiiHep-
CKHUX), KOHCTPYKTOPCKHX U TEXHOJIOTHUECKHUX PCIICHUIH;

- W3JAeNus, BXOIAIIME B COCTaB MeOEIbHOr0 aHcaMOJIsl, 00JagatoT 3HaYH-
TETHHON KOHCTPYKTOPCKO-TEXHOJIOTHYECKOM CII0KHOCTHIO,

- WHIWBHUAYAJIbHBIM MOJIXOJ peanu3yercs npu GOpPMUPOBAHUH CTPYKTY-

pBI, CTHJIS M KauyecTBa MeOENbHOro aHcaMOJs U B MaKCUMaJbHOM CTe-
TIEHU YYUTHIBACT MOXKETaHUS U TpeOOBaHUS 3aKa3uNKa;

- (opmupoBanue cnenudpukanuii MEOCIbHBIX U3ICIUNA U aHCAMOJIA B Iie-
JIOM BBITIOJTHSETCS B PEKUME PEabHOTO BPEMEHH,

- JKECTKHE BPEMEHHBIE OTPAHMYCHHs ICHCTBYIOT Ha BCEM MPOTSHKCHHUH

mpoliecca peanu3aluy MpoeKTa, T.€. P BHIIIOJIHCHUN MHTETPUPOBAH-
HBIX TIPOCKTHBIX TMPOIEAYp 3aKOHUYEHHOTO0 IMKJIa MEHEeIKMEHTa-
MPOCKTUPOBAHUS -TIPOU3BOICTBA,;

- KaXIbIH MPOEKT peaym3yeTcsl B YCIOBHIX TOBBIMIEHHON (DUHAHCOBOM
OTBETCTBEHHOCTH 3a COOJIO/IEHNE CPOKa M KauecTBa MOCTABKU MeOEIb-
HOT'O aHcaMOJIs,;

- «Ipo3pavHas» cXeMa KaJbKYJSIUA CTOMMOCTH Ka)JO0To M3JEIHI U Me-
O0epHOrO aHcaMOJIs B 1IEJIOM, MOHSITHAS 3aKa3uMKYy;

- HEOOXOIUMOCTH OOECIeYeHUsI TAPAHTUHHOTO OOCITY)KMBAaHUS W TOCTE-
TapaHTUIHOTO COMPOBOXKICHUS MPOAYKIINHU y 3aKa34HKa.

Cnengyer OTMETHUTH, YTO BAapUAHTHOE MOJCIHPOBAHHE, BBIMOITHIEMOE B
paMkax 00beKTHO-opueHTHpoBaHHOTO Moaxona (OOII) k pa3paboTke CIOKHBIX
CTPYKTYPHO-(QYHKIIMOHAIBHBIX OOBEKTOB, IMO3BOJsET M30€XaTh MOJHOTO TIO-
BTOPHOTO MPOCKTHUPOBAHUS OOBEKTOB IMPU U3MEHEHUU BHEIIHUX ycyoBuii [ 108,
109].

Baxueitmmmu snementamu (cBoiictBamu) OOII, HameAMMME OTpaKCHHE
B BAPMAHTHOM MOJCIUPOBAHUH, SIBIISIOTCS:

- UHKAICYJIALHUS, MPEIroJiararonias COKpbiTHe (MacKHUpOBaHHUE) BHYT-

PCHHHMX JaHHBIX (CBOWCTB) 0OBEKTa OT HEMOCPEACTBEHHOTO JIOCTYIIA
W3BHE M peaju3aluio Jig 3TOM IeNH CIEeNHATIbHBIX METOJIOB, SBISIO-
IIMXCSl HEOTHEMIIEMON YacThio 00beKTa (Ki1acca 00ObEKTOB);

- HacleJ0oBaHUWE, TO3BOJISIONICE CO3/1aBaTh HOBBIM OOBEKT, BBICTYIAIO-
IMA B KAa4yeCTBE MOTOMKA U COXPAHSIOIIMU CBOWCTBA POJAMUTEIBCKOIO
00BEKTa C BO3MOYKHOCTHIO MX MEPEONpeieSICHUs U T0OaBICHHUS HOBBIX.
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YuudunupoBaHHble omnepanuyd BapuaHTHOTO MojaenupoBanus KMUA
MOKHO KJIacCUPUIIUPOBATh KaK:

- ajantanus NPOTOTUIHOMW MOJENH OTAEIbHOTO MEOEIBHOI0 M3ACIHS K

oOmeit ctpyktype KMUA ¢ y4eToM KOHCTPYKTOPCKUX M TEXHOJOTUYe-
CKMX OCOOEHHOCTEH MPOU3BOACTBA KOPITYCHOM MeOesH, MpeacTaBieH-
HeIX B cucteMme KTTO;

- TpaHcdopMmaIus, BHIMOJIHAEMAas C MOMOINBI0 Habopa MaHUIYJSIIHA,
JUTSl U3BMEHEHHUS TAa0ApUTHBIX pa3MEpPOB MPOTOTUITHOTO U3EIHS;

- COMNpSDKEHUE MEOENbHBIX 3JIEMEHTOB MPOTOTUIMHON MOJEIU C y4ETOM
3agaHHbIX KTTO;

- TapaMeTpuyeckas BapUATUBHOCTH (M3MEHSEMOCTB), TIO3BOJISIOIIAS W3-
MEHUTHh OCHOBHBIE XapAaKTEPUCTUKU MPOTOTUITHOW MOJEIH W3ACHUSA C
MOMOUIBI0 MHKATCYJIMPOBAHHBIX METOJAOB OOBEKTA.

Hcnonp3oBaHue aganTUBHBIX KOHCTPYKTOPCKUX OINEpaiuii 00ycIOBIEHO
HEOOXOJIMMOCTBIO U3MEHEHHUS BHJA COMPSIKEHUS MPU Pa3MEIIeHUH BbIOpaHHOMN
13 OUOMMOTEKU MPOTOTUITHON MOJIETN U3AENHUS B T€OMETPUUYECKOU MOJEIU CO3-
naBaemMoro mebenbHOro ancamoOnis. PaccMoTpuM mpocToi nmpumep, MO3BOJISIO-
M TOACHUTH JAaHHBIM HI0OAHC BapruaHTHOTroO MojenupoBanus KMUA.

[Ipeamnonoxum, B cocTaBe OMOIMOTEKN KOPITYCHONW MeOe NMEIOTCS Mpo-
TOTUITHBIE MOJENHM YEThIPEX Pa3JMUYHBIX KOPMYCHBIX MEOEIbHBIX H3IEIUH, U3
KOTOPBIX Tpebyercs cHopMUPOBATH KOMIIO3UIIMOHHO 1€7I0€ U (PYHKIIMOHATHHO
3aBEPIICHHOE U3JIETHUE - MIKa(-KOJIOHKY ISl KyXHH.

[lepBoe u3menue, momenaeMoe B OCHOBaHHE IMIKada-KOJIOHKH, TPEICTaB-
nsieT coO00M HAMOJNbHYIO TyMOY C BBIIBUOKHBIM SIIIMKOM, OCHAIIIEHHBIM pelieTya-
TOW €MKOCTBIO; BTOpPOE, BOAPYKaeMOe Ha OCHOBaHUE, - IKad HaBECHOW ¢ Of-
HOW JIBEpIIeH; TPEeThe, YCTAaHABIMBACMOE Ha BTOPOE, - OTKPBITHIC MOJKH (2 mIT.);
YETBEPTOE, 3aBEPIIAIOIIEE KOMIO3UIUIO, - AaHTPECOJIb C IBEPLEH.

Br100op rabapuTHBIX pa3MepoOB MEPEUUCICHHBIX U3JEIUN, BXOAAIINX B CO-
cTaB mKa(a-KOJOHKHU, JOCTUTAECTCS BBIMOJHEHUEM OMepanuy TpaHchopMaluu,
OHa MO3BOJIIET MPUBECTH B COOTBETCTBUE pa3Mepbl M3JECIIHH, T.€. UX BBICOTY,
NIMPUHY U TIyOHHY, 10 3HAYEHUH, COTJITACOBAHHBIX C 3aKa3YUKOM.

Onepauust aganTanuu 00OECNEUYMBAET U3MEHEHHE KOHCTPYKTHUBHBIX 3JIe-
MEHTOB M3/IeJIU{ MPU KOMIIOHOBKE X B COCTaBe mikada-KoJIOHKH. B gacTHOCTH,
B COOTBETCTBUHU C KOHCTPYKTOPCKHUMHU TPEOOBAHUAMHU, NMPEABABIIEMBIMU K H3-
JENUSIM, TIOAOOHBIM TPOEKTUpyeMOMY Inkady, moTpedyeTcs 3aMeHa YeThIpeX
MpaBbIX U YETHIPEX JIEBBIX OOKOBBIX CTEHOK M3ECIUN Ha JIB€ OOKOBBIE CTEHKH,
UeTuKOM BBIKpOeHHBbIX M3 JuctoB JCTII n obecneunBarommx HEOOXOIUMBII
3anac MPOYHOCTU U YCTOMUMBOCTH JJIs1 U3J1ENIUsl. AHATOTUYHO, TOTPEeOyeTCs BbI-
MOJHUTH AJaNTalAI0 YETHIPEX 3aJHUX CTCHOK M3JEJIMM MPUMEHUTEIBHO K MPO-



149

EeKTUPYEeMOM KOHCTPYKIMU mKa(a, 3aMEHUB UX OJHOM, COCTOSIIEH U3 ETBHOTO
mucta JIBII, wnu nByms ¢parmentamu iuctos JIBII.

PaccMoTpeHHBIN mpuMep OTpaxaeT 00Uy UACI0 KOHCTPYKTUBHOTO MOJA-
X0Ja K 3aJade peCTPYKTypU3alMu IPOEKTUPYEMOIO0 MEOEIBbHOIo W3ACNNs,
IIPEANONAraloulyl0 HCIOJb30BaHUE HAOOpa 3JIEMEHTApHBIX CXEM, OIpeAessio-
IMX CTPYKTYPHBIE BUJIOM3MEHEHUS MPOTOTUMHOW Mojaenu. CXeMbl MPUBOAATCS
B JICMCTBHE NIPU BBINOJIHEHUHU OINPEACIEHHBIX ONEpaldil ¢ TPOTOTUIIHOW MOJIE-
b0 m3aenuss u KoHtponupytores cuctemon KTTO. Takum oOpa3om, MOKHO

A
T'OBOPUTH 00 KUHTCIIICKTYAaJIbHBIX> anI/I6yTaX ajalriTaliinun A , IPEACTABICHHBIX

B JAHHBIX CXEMaX M OMNpe/eTeHHBIX Ha MHOXecTBe (DYHKIMil amantamuu F°,
COCTaBIISIFONTUX 0a30BbIN (QyHKIIMOHAT HHTEep(deiica B3auMOICHCTBHS C BHEIIIHEH
Mozensro KMUA.

Omnepamust Tpanchopmanuu obecrneunBacT M3MEHEHHE T€OMETPUUYECKHUX
XapaKTePUCTHK MPOTOTUITHOW MOJIETH, TJIaBHBIM 00pa3oM - rabapuTHBIX pa3Me-
poB. C TOUYKH 3peHUS] BO3MOKHOCTEHN MOJOOHON «T€OMETPUUECKOW» mapaMeTpu-
3alMM KaXKIbI 3JIEMEHT MOJEIH MEOEIBHOTO M3ENUs MOKHO KIacCHU(UIIUPO-
BaTh KaK <OKECTKHI», HE NOMYCKAIOIIMN M3MEHEHHE €€ rabapuTHBIX pa3MepoB;
CMSITKUI», pa3peliaoli U3MEHEHUsS pa3MepoB 0e3 OrpaHHYCHHH; «3JIacTh4-
HBI», cOYeTaIOIMuUN B ce0e CBOMCTBA KECTKOCTH M MATKOCTU. MeOeNbHBIN Tpo-
TOTHII, KaK TIpaBUiI0, 00JaJaeT CBOMCTBOM 3JaCTUYHOCTH, BKJIOYas B ceOs diie-
MEHTHI, 00JIaIafoIIHe TIePEUYNCICHHBIMU CBONCTBAMH.

PaccMOTprM OCHOBHOM KOHCTPYKTHMBHBIM 3J€MEHT KOPIYCHOM MebOenu -
OOKC, JIIs1 KOTOPOTO 3a7aHbl TabapuTHBIE pa3mepsl h (Bbicota), W (mmpuHa) u d
(rmybuHa) B COOTHOLICHUSX,, ONMPEACICHHBIX CICAYIOIINM 00pa3oM:

h:w:d=h:w :d,
rae hy, Wi, i - BEeTMYMHBI, COOTBETCTBYIOIIME Ta0apUTHBIM pa3MepaM, COOTHO-
meHus: KoTopeix 3amanbl B Tabnuie KTTO Hapsay ¢ ux mpenensHbBIMU 3Haye-
HUSAMU. [[OTIOTHUTETHFHO B JAaHHOW TaOJIMIlE MOXET COACPKATHCS BEIMYMHA +€,
onpenensoas J0MyCcKy Ipu IPOU3BOJICTBE KOPIYCHON MeOeIIH.

[Ipy u3MeHeHHH TabapUTHBIX pa3MEpoOB OOKCa HOBBIC Ta0apHUTHI BHIYHC-
JSFOTCS, UCXOS U3 CIIEYIONIEH MpOMOpLHH:

h:w:d=(h- D,):(w-D,):(d- D).

Hampumep, npu yMeHbIIIEHUU MHUPUHBI HAa BenuuuHy Dy, ¢ ydeTom yka-
3aHHBIX BBIIIE MPOU3BOJCTBEHHBIX JOMYCKOB €, pacCUYNTHIBACTCA MHTEPBAT U3-
MEHEHHS BBICOTHI Dy Ookca [76]:

0. (WD) @0, [ oy (W-D,)+e)o
e (] e

w w 7]
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[TonyueHHble OTpaHUYEHUS ONMPEAEIAIOT BO3MOXKHOCTH M3MEHEHHS rada-
PUTHBIX pa3MEpPOB MPOTOTHUIHON MOJEIH Ka)XAOT0 MEOEIbHOTO M3ACIUS U SIB-
JISIFOTCSL DJIEMEHTOM €€ WH(GOPMAIMOHHOTO (aJIrOPUTMHYECKOT0) onmucaHus. Mx
BKJIIOYEHHE B COCTAB MOJEIIH IMO3BOJSIET KOHTPOJIUPOBATH MOSBJICHUE OIIMOOK
MpU BBINOJTHEHUH PEUHXKUHUPUHTA MPOTOTUIIHOW MOJAEIH W3JETusi, HaAess,
TakuM 00pa3oM, omepanuio TpaHcGopMalui ONpeesIeHHbBIM YPOBHEM «HHTE-
JEKTYalIbHOCTU.

Onepauust conpspkeHus: 31eMeHTOB npoTtoTunHoil moaenu KMUA obGec-
MEYMBAET KOHKPETU3ALMIO THUIA Yy3J0B CONPSDKEHWS s AeTanedl u3aenws,
BKJIIOYAs COMpPSI’)KEHHE CTEHOK KOpITyCca U CTEHOK KOpITyca ¢ ABEpPLUAMH, a TAKKE
MPOTOTUIHBIX MOAENEH pa3NUYHbIX U3AENIHM, BXOJIIIMX B COCTaB MEOEIbHOTO
aHcamOJis1, ApYr ¢ ApyroM. ITOMY CHOCOOCTBYET aBTOMAaTU3WPOBAaHHAS MpOLIE-
nypa nwxxkuaupuara KMUA, BeInosHsieMas ¢ MOMOIIBIO MTOACUCTEMBI 3CKU3HOTO
MPOCKTUPOBAHUS M TMPEAyCMATPHUBAIOIIAsi BO3MOXKHBIE BAPHAHTHI COMPSKEHUS
naneneit m3nenus [67, 110]. Brimroyenue uHpoOpManuu 00 0000IIEHHBIX y3jIaX
comnpsiKeHUsl 3JIeMeHTOB u3nenusa B coctaB cuctemMbl KTTO obecneunBaeT BO3-
MO>KHOCTh aBTOMATHU3MPOBAHHOIO KOHTPOJS HMX KOPPEKTHOTO HCIOJIb30BaHUS
P BBITTOJTHEHUH PEUHKUHUPUHTA TPOTOTUITHOM MOJIETN U3 IEIIHS.

Onepauusi mapamMeTpUYECKOW BapUATUBHOCTA OOECTICYMBAET BO3MOXK-
HOCTh M3MEHEHHSI HETE€OMETPUYECKUX CBOMCTB nporotunHou mozenu KMUA,
HarpuMep, 3aMEHY OJTHOTO THUIA OOJMIIOBKHU AeTaneil uznenus Ha apyroi. Kax-
IIBINA TUTI OOJIMIIOBKY UMEET CBOM IIBET, TEKCTYPY U (DaKTypy, a TaKKe TaKyro Qu-
3UYECKYIO XapaKTEPUCTUKY, KaK TOJILMHA, KOTOPYIO B Psie CiydaeB Tpedyercs
YUYUTHIBATh MPU BHITIOJIHEHUU PEUHKUHUPUHTA TPOTOTUITHON MOAEIH U3IETHUS.

3.3. MoaeaupoBanue uHgopmanuoHHoii nHppacTtpykrypsl CAIIP

B coctraBe CAIIP cnenyeT BbIAETUTh HHGOPMAITMOHHYIO UHDPACTPYKTY-
Py, IO KOTOPOM MMOHUMAETCs OpTraHU3aIlMOHHAs CTPYKTYypa, 00eCIeYuBAIOIIYIO
HH(OPMAIIMOHHOE B3aWMOJICHCTBHE BCEX YYaCTHHUKOB TIpoIllecca MPOEKTUPOBA-
Hus. [lockonbky mobas CAIIP, mo onpeneneHuro, sIBISIETCS OpraHU3aI[dOHHO-
TEXHUYECKON CHCTEMOW, B HEW ampuopu MpernojaracTcs HaTU4YUe HEKOTOPOM
UHGOPMATTMOHHOW HHPPACTPYKTYPHI.

Nudopmannonnas uHPpacTpyKTypa MOXKET MUMETh Pa3IUYHBIA ypOBEHb
CJIOHOCTH, OIPEACNIAEMBIH psAa0M (aKTOPOB, BAKHEUIIMMU CPEON KOTOPBIX
SBIITFOTCS: CJIO’)KHOCTh OOBEKTOB M 3a7a4 MPOSKTUPOBAHMUSI, peaan3yeMas MeTo-
JOJIOTHS Pa3pabOTKH MPOEKTa, CTPYKTYpa U COCTOSTHUE CPEeAbl POSKTUPOBAHHS.
HeobxoaumMo OTMETHTH, YTO JJIi COBPEMEHHBIX TMPOIECCOB MPOSKTUPOBAHHUS
xapakrepssl [101, 103]:
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- BbBICOKasg MH(GOPMAIIMOHHAS CIOXKHOCTh 00BEKTOB MPOSKTUPOBAHMUSI, UTO
MPUBOJUT K HEOOXOJMMOCTH JAEKOMIIO3ULIMHM MPOEKTAa Ha COCTABHBIE
4acTH, pa3paboTKe KaXKJIO0W 4YacTH MPOEKTa MO OTIEIbHOCTH C IMOCIe-
AyIOmUM 00beAMHCHHEM («CIIMBAHUEM>») YaCTHBIX MPOCKTHBIX pellle-
HUI B €IMHBIN (COBOKYIHBIN) MPOCKT;
- BbICOKas (DYHKIIMOHAJIbHAS CI0KHOCTh pelllaeMbIX 3aJad, 4TO 00YyCIOB-
JUBAET HEOOXOAMMOCTh JIEKOMITO3UIIMU Mpollecca MPOEKTUPOBAHUS Ha
STalbl ¥ BBIMOJHEHUS KaXJOro dTamna ¢ MOMOILIbI0 COOTBETCTBYIOLIEH
(GYHKIIMOHATBHOM (MTPOSKTUPYIONICH) TIOICUCTEMBI;
- pacmpeaeNieHHBI XapakTep 00pabOTKH, KOTOPBIM peanu3yeTcs (PyHK-
[MUOHATBLHBIMH (ITPOCKTHPYIONIMUMH) MMOJACUCTEMAaMH, PACIIONIOKCHHBIMU
B Pa3JIMYHBIX y3JIaX pacipeeseHHON Cpeibl TPOECKTUPOBAHMUS,
- JIMHAMUYECKU HM3MEHSIONIAasicd CTPYKTypa U COCTOSHHUE paclpeelieH-
HOM Cpeabl MPOEKTUPOBAHUS, KOTOpPAsh YacTO CO3JAETCsA IMYyTEM KOM-
MJICKCUPOBAHUS CYIIECTBYIOIUX U BHOBH pa3pabOTaHHBIX (PYHKIHO-
HAJIBHBIX (MPOSKTHPYIOIINX) MOJCUCTEM.
TeopeTnuecku 000CHOBaHHAs JEKOMIO3UIIUS MPOEKTa Ha COCTABHBIEC Yac-
TH TIPEyCMAaTPUBACT UCIOJIb30BaHUE OJIOYHO-Hepapxuueckoro noaxona (BUII)
K npoektupoBanuto [111]. /laHHBIN MOAXOJ OCHOBBIBACTCS Ha CTPYKTYPHpPOBA-
HUU ONUCAHUN 00BEKTAa MPOECKTUPOBAHMS C pa3/ieICHMEM ONMUCAHUM Ha psij ve-
papXUYECKHUX, WIN TOPU3OHTAIBHBIX YPOBHEH, KaXIOMY W3 KOTOPBIX MPUCYII]
CBOM YPOBEHb ACTAIBHOCTU OTOOpa)KEHUs CBOMCTB OOBEKTAa, MATEMATHYECKUE
MOJIEIIH, SI3BIKA ¥ aJITOPUTMBI MIPOEKTUPOBAHMSI, & TaKkKe (popMa IpeCcTaBICHHUS
MPOCKTHOM TOKYMEHTAIINH.

[Ipu pa3paboTKe CIOKHBIX OOBEKTOB MPOEKTUPOBAHUS OOBIYHO BBIJEIS-
I0TCSI CIIEAYIOIME YKPYITHEHHbIE UEPAPXUUECKUE YPOBHU:

- cucmeMmHblil ypo6eHb, Ha KOTOPOM pEelIaloTcsl HanboJiee ol1ue 3a1a4n
MPOCKTUPOBAHUS, & PE3YIBTATHI MPEACTABISIOTCS B BUJIE CTPYKTYPHBIX
CXeM, TeHEepalbHbIX IJIAHOB, CXEM pa3MelleHus o0opyaoBaHuUs, AHa-
rpaMM MOTOKOB JIAaHHBIX H T.II.;

- MAKpoypoeeHnb, Ha KOTOPOM BBINOIHAETCS MPOECKTUPOBAHUE OTEJIb-
HBIX YCTPOMCTB W Y3JI0B, a Pe3yJIbTaThl MIPEACTABISIOTCA B BUAC (DyHK-
[IUOHANBHBIX, TPUHIIUIUATIBLHBIX U KHHEMATHUYECKUX CXeM, COOpPOUYHBIX
YEpTEXKEU U T.II.;

- MUKPOYPOB8€Hb, HA KOTOPOM BBINOJHAETCA MPOEKTUPOBAHUE OTIEIIb-
HBIX JeTajlell U 3JEMEHTOB pa3pabaThiBAEMOro 0ObEKTa C MpeAcTaBiie-
HUEM PE3yIhTATOB MPOSKTHUPOBAHMS B 3aJaHHOMN (hopMme.

B 3aBHCUMOCTH OT MOCIEA0BATENLHOCTH PEIICHUS 3a7ad UepapXudecKux

YPOBHEHN pa3InuyarOT HUCXOJAIIEE, BOCXOAIIEE U CMEIIAHHOE MTPOEKTUPOBAHUE .
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[TocnenoBaTenbHOCTh pELICHMS 3aJlad OT HUXKHUX YPOBHEM K BEPXHUM
XapaKTepU3yeT BOCXOAslIEee NPOEKTUPOBaHHUE, oOpaTHas NOCIEI0BATEb-
HOCTh MPHUBOJUT K HUCXOAALIEMY NPOCKTUPOBAHUIO, B CMEUIAHHOM CTHUJIE
MMEIOTCS 3JIEMEHTHI KaK BOCXOJSILEr0, TAK U HUCXOASIIET0 IPOeKTUpoBanus. B
OOJBIIMHCTBE CIYy4aeB JJIsl CIOKHBIX CUCTEM MPEANOYTUTEIbHBIM OKa3bIBAETCS
HUCXOZsIee MpoeKkTUpoBaHue. ONHAKO MPU HAIMYHMM 3apaHee pa3paOOoTaHHbBIX
OJIOKOB M Y3JI0B, HMCIOJb3YEMBIX MPU MPOCKTUPOBAHUM CIIOKHOTO OOBEKTA,
MO>KHO BBITIOJTHSITh CMEUIAHHOE MPOEKTUPOBAHUE .

[Tporecc MPOSKTUPOBAHUS MOXKET CO3/1aBaTh 3aBUCHUMBIC MpoIecchl (mo-
MPOIIECCHI) MPOCKTHPOBaHUS, GOPMHUPYs YaCTHBIC TexHUYeckue 3ananus (UT3)
IUIE KOMIIOHEHTOB TMpOEKTUpyeMoro oObekra. Ha puc. 3.6 mokazaHa TumoBas
cxemMa IPOCKTUPOBAHMS, NPEACTABICHHAS HECKOJbKUMH HEePAPXUUECKUMU
ypoBHsIMH. Ha Ka)x10M uepapXxuueckoM YpOBHE pelIaeTcs 3ajaya NpOeKTUPOBa-
HUs, BKIIOUaromas psn nmoa3anad (Hampumep, C - cuHres, P - pacder, 4 - aHa-
au3, O - ontuMmu3anus, /[ - nokymMeHTHpoBaHue). COBOKYITHOCTh 3TUX YPOBHEH
BO B3aMMOJICHCTBUM 00pa3yer mpoiecc npoekTupoBanus [112]. CurxpoHu3as
MOAMPOLIECCOB MPOECKTUPOBAHUS U BbIJEICHUE HEOOXOTUMBIX UM PECYPCOB SB-
JSIOTCS QYHKIUSAMHU UCXOTHOTO (POIUTENIECKOT0) MPOIecca MPOSKTUPOBAHMS.

OyHKIMOHAIbHASA JEKOMIIO3UIIMS MPOIEcca MPOSKTUPOBAHUS MPEANnoia-
raeT BbIJIEJICHUE BEPTHUKAJIbHBIX YPOBHEW, WJIM aCMEKTOB, Pa3IMYarolIUXcs IO
XapakTepy OToOpakaeMbIX CBOMCTB 00BbEKTa MPOEKTUpOBaHUs. B pamkax kax-
JIOTO ACTEKTa BO3MOKHO IIOCTPOEHUE COOCTBEHHOM MEpapXUHU - «IepeBa» IMpo-
exta. B o0mem ciiydae B mpeaesiax pa3iNYHbIX ACTIEKTOB CTPYKTypa MPOEKTa
MOJKET pa3ianydathcs (HapuMep, u3-3a y4eTa KOJUYCCTBCHHBIX OTPaHHUYCHUU B
MPOEKTHBIX MPOLEAYpPaX, OTBETCTBEHHBIX 3a MPOPabOTKy 00BEKTa MPOEKTUPO-
BaHUsS B TOM WJIM MHOM acriekTe). Takum o0pa3om, B cTaauu pa3pabOTKH MPOSKT
MpEeACTaBIACT COO0N COBOKYIMHOCTh MEPAPXUUYECKUX OMHUCAHUN OOBEKTa B pas3-
JUYHBIX aCTIEKTaX MPOECKTUPOBAHHS.

B kadecTBe amekBaTHOTO MaTEMaTHYECKOTO MpeACTaBICHUS aisi MHGOP-
MaIlMOHHOW MOJIETM TPOEKTa MOXKET OBITh BBIOpAaH KOHEYHBIM rumeprpad
H(X,E;R), rnie X - MHOXecTBO N BEpIIUH X , aCCOLMHPOBAHHBIX C pa3pada-
THIBAEMBIMHU YacCTSAMH IPOEKTa B pa3IMYHbIX acnekrax; E - mMHoxxecTBO M pe-
Ocp €, Pe/ICTaBIAIONIMX OTHOLICHHUS MEXy BEPIIMHAMH, T.€. MEX/Y YacTAMU
npoekra; R= f(X,€) - morumueckas ¢pyHkius (MHIUIAECHTOP), ONpPEAEICHHAS IS
" XiT X, " ejT E u npunnmaromas suadenue «uctuna» (1), ecnmm X u € uH-
LHUACHTHBI, iU <«J105kb» (0) - B IPOTHBHOM cllydae.

CxematnyHo rumneprpad HWHPOPMANMOHHONW MOJECIH TPOEKTa MOKHO
MPEACTAaBUTh B BHJIE COBOKYITHOCTH «CJIOC€B» - HH(GOPMAIHMOHHBIX IPOCKIIHI
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WU aCIEKTOB MPOSKTUPYEMOTO 00BEKTa, KIPOHH3aHHBIX» BEKTOPOM 00paboT-
KM, KOTOPBIM 3a7aeT olllee HampaBjieHUE OO0pabdOTKH MPOEKTa U MOXKET OBbITh
MPEJICTABICH MPOHYMEPOBAHHBIM TIEPEYHEM AaCICKTOB MPOCKTUPOBaHHS (pHC.

37).

OObwee T3
1-n ypoBeHb
[c[PTA[d A
v
Jekomno3nums
2- ypoBeHb |
YacTtHoe T3 yT3 J yT3
lciplA[of Al  [c[P[A]O] O] [c[P]A[ O] A]
,D,eKOM:'IO3I/1LI,I/IFI ,D,eKOMI:IO3MLLMFI ,EleKOM:'losmu,Mﬂ
3-11 ypoBeHb
yT3 yT3 yT3 yT3
lclpla[o Al  [c|p[A[ol Al - [c]P[Alo A [c][P|A[]] Al
4-11 ypOBeHb

Puc. 3.6. Tunosas uepapxuueckas cxema npoeKmupo8anus

CoBpeMeHHAsT METOJOJIOTHSI MMapalIeIbHOr0 (COBMEIICHHOTO) MPOCKTH-
POBaHUS MIPENONATACT HAJTUYUE PACTIPEICICHHON Cpeibl pa3padOTKU MPOEKTOB,
MPEACTaBICHHOM, KaK MPaBWJIO, COBOKYMHOCThI0O APM, 00beUHEHHBIX B KOM-
MBIOTEPHYIO CETh U OCYIIECTBISIOMMX JOCTYI K 00miei 6aze mpoekroB. Hamu-
gyre oOmel nHPOpMAIMOHHONW 0a3bl MPEIbIBISET MOBHIIICHHBIE TPEOOBAHUS K
00ecrnevyeHuI0 3alUThl OT HECAHKIMOHUPOBAHHOTO JOCTYIA K MPOEKTHBIM JIaH-
HBIM, a TaKXke K COOJIOICHHUIO OMPEACIICHHOTO periiaMeHTa MH(pOPMaIMOHHBIX
00MeHOB Mex 1y poekTupyromumu nojacucremamu CAIIP.

B xommnekcHoit CAIIP o0paboTka KaXKJI0ro MpOEKTa OpraHuU3yeTcs I0
MPUHIIMNY HMHPOPMAIMOHHOTO KOHBEHepa, 00palaThIBAIOIIUMH SJIEMEHTAMH
KOTOPOTO SIBISIIOTCSA MPUKJIAJHBIE MPOrpaMMbl, 00pa3yrolue TeXHOJIOTHYECKUN
MapuIpyT NpOEKTUPOBAHUS U PEATU3YIOIIME MPOEKTHBIE MPOLEeaAYyphl, a oOpada-
THIBAEMBIMU OOBEKTaMHU - (pParMeHThI, MMOJyYCHHBIE B Pe3yJbTaTe JACKOMIIO3U-
UU mpoekTa. Takum 00pa3om, ¢ TEXHOJIOTHYECKON TOUKU 3pEHUs o0Ias cxema
mpoiecca MPOEKTUPOBAHUS TPEACTABISIETCS HAOOPOM CBSI3AHHBIX MPOEKTHBIX
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npouenyp. MaTtemMaTuuecku €€ MOJKHO ONHCaTh OPUEHTUPOBAHHBIM Tpadom
G(V,D), BepmmHBl V KOTOPOTO acCCOIMUPOBAHBI C TTPOSKTHBIMU MPOLEAYPAMHU

TEXHOJIOTMYECKOT'0 MapIipyTa MPOCKTUPOBaHUs, a Tyru (HampaBlieHHbIC peOpa)
D - ¢ uH(pOpMalMOHHBIMU CBSI3IMH MEXIY dTUMHU MPOLICIyPaAMH.

Bexkmop obpabomku

Acriekmabl
npoekmuposaHusi

Puc.3.7. I'unepzpagh mooenu npoexkma

B TexHonornueckoM mapuipyTe nNpoeKTUPOBAHUS MOTYT COAEPKATHCS KaK
MH(POPMAITMOHHO 3aBHCHUMBIC MPOCKTHBIC MPONEAYPHI, TOMYCKAIOIINUE TOJBKO
MOCJIEA0OBATEILHOE BBIMTOJHECHHE, TaK W HH(OOPMAIIMOHHO HE3aBUCHUMBIE, JIOIYC-
Kalolue TMpH HAJUYUM HEOOXOJIMMBIX PECYpPCOB MapajjiebHOE BBIMOJHEHUE.
CrnenoBaTtesibHO, ¢ KOHIIENTYaJbHOW TOYKM 3pEHUS MPOILECC MPOEKTUPOBAHUS B
komiiekcHoi CAIIP mokeT ObITh NpeICcTaBIeH aCUHXPOHHBIM TOCIIEI0BATENb-
HO-TIapaJJICIbHBIM KOHBEHEPOM C CHCTEMHBIM HHTep(dericoM KOHTEHHEPHOTO
tuna [101, 103]. IIpuMep rUMOTETHYECKOTO KOHBEHepa MPOEKTUPOBAHUs, CO-
JepKalllero JiBa MapajjielIbHbIX ydyacTka 00paOOTKH MPOEKTHBIX JaHHBIX, MOKa-
3aH Ha puc. 3.8.
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MapannernbHble ydacmku KoHeeliepa — .

i NN, - i-as npoekmHas
! npouyedypa

_____________

Puc. 3.8. I'unomemuuecKkuii noC1e008ame1bHO-NAPANIEIbHBLI ACUHXPOHHBLIL KOHEellep
NPOEKMUpoanus

ACHHXPOHHBIN PEeXUM (YHKIIMOHUPOBAHUS KOHBEHepa MPOCKTUPOBAHUS
00yCJIOBJIE€H CTOXaCTHYECKUM XapaKTEpPOM BPEMEHHBIX 3aTpaT, TPEOyeMbIX Kax-
JIOM TIPOEKTHOM MpoUEeaype Ha BhIPAOOTKY MPOEKTHOTO pEIICHHs, U 0Oecreyu-
BaeTCA 3a CYET HWCIOJIh30BAHUS XpaHWIHINA HMHOOPMAIIMOHHBIX KOHTEHHEPOB.
Hanuuue xpanunuiia KOHTEHHEPOB C MPOEKTHBIMU PEIICHUSMH MO3BOJISIET 00B-
€IUHUTHh B OJHOM TEXHOJIOTUYECKOM MapUIpyTe€ MPOEKTHBbIE MPOLEAYPHl pa3-
JUYHON TPOU3BOJIUTEIIBHOCTH M O0ECHEeYUTh TEM CaMblM MaKCUMaJIbHYIO 3a-
rpy3Ky KOHBEWepa.

B coBpemennbix komriuiekcHbix CAIIP obecneunBaeTcss MyJIbTHUIIPOEKT-
HBI pEeKUM pabOTHI, UIsI KOTOPOTO MOJKHO BBIJCIIUTH CIEIYIOIINE TPU YPOBHS
napayuiensaocTH [101]:

- OJHOBPEMEHHOE BBINOJIHEHUE PsAla MPOEKTHBIX MPOLEAyp s o0pa-

OOTKHM OAHOTO U TOTO K€ MPOEKTAa,

- mnapajienbHas 00paOOTKa pa3IMYHBIX YaCTEH OJHOTO MTPOEKTA,

- OJHOBPEMEHHOE BBITIOJTHEHNE HECKOIBKUX PA3TUYHBIX MPOEKTOB.

JI1st MoienMpoBaHus NEPBBIX ABYX U3 YKa3aHHBIX YPOBHEN MapaylieabHON
00pabOTKH MPOEKTOB B paMKax aCMHXPOHHOTO KOHBeWepa MPOEKTUPOBaHUS He-

00XOJMMO BBITIOJHHUTH mporeaypy cymnepnosunuu S(H,G), rne H - rumep-

rpad mpoekrta, G - oprpad TEXHOJOTHYECKOTO MapuipyTa MpPOSKTHPOBAHWSI,
ornpeaeacHHbIC I mpoekTa. DaKTHUYecKu Cyrneprno3unus (HaloKEeHUE) 3aKIIio-
YaeTcs B MPHUBS3KE YacTel MPOEKTa K COOTBETCTBYIOIIMM MPOEKTHBIM TPOIIETY-
paM, B pe3ysbTaTe 4ero Gopmupyercs o0o0meHHas nHPpOopMaImoHHas MOJCITh
P mporecca nmpoekTupoBaHUs, MATEMATUYECKUM MPEICTABICHUEM KOTOPOU sIB-
JSIETCS AMKIMYECKUH oprpad CI0KHOU CTPYKTYPHI.
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Jlna uneHTUQUKAINKA KaXXA0H U3 MPOEKTHBIX MPOIETYP, BXOAAIMUX B CO-
cTaB Mojenu P, ompezaeneHsl cieayomue aTpuOyThl (BHEIIHUE PEKBU3UTHI, HE
3aBHCSIIUE OT CYIIECTBA BBIMOIHAEMBIX IPOLEAYPOH ICHCTBUI):

- UACHTU(UKATOP MPOCKTHOHN MPOIETYPHI;

UACHTU(PUKATOP MMPOCKTUPYEMOTO Y3I1a;

- UIASHTU(UKATOP TUIIA TPOSKTHOTO PEIICHHUS,

- UACHTU(UKATOP OTBETCTBEHHOTO MCIIOJHUTEIIS,

- UASHTU(UKATOP MPOSKTUPYIOLIETO MOAPA3ACIICHHS,

- BpPEMCHHBIC MapaMeTpbl PYHKIIMOHUPOBaHUS (IJIaHHpyeMble B (aKTH-

YECKUE CPOKH BBIMOJTHCHHUS);

- Koj pabodero cocTosHUs (OMpPEIesICHBI CIEAYIOINUE COCTOSHHS IPO-
€KTHOM IpOLEAYyphl: MACCUBHOE, OXHWJAHUWS, BBINOJHEHHUE, IPUOCTA-
HOBJICHHOE, JIOKAJILHO 3aBEPIICHHOE, TTI00aIhHO 3aBEPIICHHOE);

- BXOJIHBIC CCBHUIKM (MICHTH(PHUKATOPHI MPOEKTHBIX MPOIEAYpP, KOTOPHIC
(GOpMHPYIOT TPOECKTHHIE PEIICHHs, MOCTyNalolie Ha BXOJ JaHHOU
MPOIEAYPHI).

C moMOIIBI0 HECJIOXKHOTO SI3bIKA JEKIApPATUBHOTO THIA MOKHO OIHCATh
MOJEIb WH(pOopMaImoHHONH HHGpacTpyKTyphl kKomrmuiekcHorr CAIIP, oGecrieun-
BAIOLIYIO «IIOUMEHHYIO» MPUBSI3KY pa3padaTbiBAEMbIX YaCTEW MPOEKTA U MPOEK-
TUPYIOIIMX TOAPA3AECNECHUN K MPOEKTHBIM MPOLEAYypaM TEXHOJIOTHYECKOTO
MapuipyTa ¥, COOTBETCTBEHHO, K «pabOuyuM MecTam» KOHBeHepa MpOeKTUPOBa-
Hus. CnienuanbHO pa3paboTaHHBIA TPAHCIATOP GOPMHUPYET HA OCHOBE MCXOTHO-
rO OMHMCAHHUSI MOJCIH padbouyro (IEJEBYI0) MOJIENb, HCIONIB3YEeMYIO B JdalIbHEH-
ieM A7 pean3aliy PeriaMeHTUPOBAHHBIX WH()OPMAITMOHHBIX 0OMEHOB MEXK-
Iy TIPOCKTHBIMHU TPOIEAypaMu, T.€. Ul PEIIeHUs OCHOBHOM 3afauu wH(popma-
uoHHO# nHppacTpykTypsl CAIIP [104].

[Iponiecc MpOEKTUPOBAHUS CIOKHBIX TEXHUYECKUX OOBEKTOB, KaK MpaBU-
JI0, UMEET UTEPATUBHBIN XAPAKTEDP, T.€. PEATU3YIOIINE €r0 MPOEKTHBIE MPOLENY-
Pl MOTYT BBINOJHATHCS MHOTOKPATHO JI0 T€X MOpP, MOKa HE OyAyT AOCTUTHYTHI
pe3yAbTaThl, YAOBIETBOPAIONIME TPEOOBAHUAIM TEXHUUYECKOTO 3aanus. Hanumuue
BXOJIHBIX CCBUIOK B OINHUCAHUAX IMPOEKTHBIX MPOLEAYP IMO3BOJSAET OINPEIEIIUTH
oOpaTHbIE CBSI3M, TPEeOYIOIIMECS MPU BBIMOJIHEHUU «OTKATOB» B TEXHOJOTMYE-
CKOM MapuipyTe mpoeKkTupoBaHusi. OTKaT - 3TO BO3BpAT K paHEE BBINOJHEHHBIM
MPOEKTHBIM MPOLEAYpPAM B TEXHOJOTHMUYECKOM MapuIpyTe MpuU OOHAPYNKEHHUH
omrOoK B C(HOPMUPOBAHHBIX UMHU MPOCKTHBIX PEHICHUSAX. BhIMoaHEHNE KaXI10-
ro OTKaTa MHULMUPYETCS PYKOBOJMUTEJIEM MPOEKTA MOCIE TOTO, KAK YCTaHOBJIEH
(dakT MmosBIICHUs OIMMOKU M OTpenesieHa MPOEeKTHAs Mpoieaypa, chopMUpPOBaB-
m1asi HEKOPPEKTHOE MPOEKTHOE PELLICHHUE.
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CdopmupoBaHHas TPAHCIATOPOM pabodas MOACIb SBISICTCS JTUHAMHYE-
CKOM, OTpakalllel TEKyIlee COCTOSIHHUE Ipollecca MpoekTupoBaHus. OHa uc-
MOJIB3YETCS TIPH PCIICHWH 3aJad yIpaBlIeHUS WHPOPMAIIMOHHON WH(pPACTPYK-
TypoH, BKJIIOUas mepeaavdy, mpueM, yJaajJeHue U 3aMeHy KOHTEHHEPOB C MPOEKT-
HBIMM PEIICHUSMH, BBITIOJHEHHUE OTKATOB B TEXHOJOTMYECKOM MapuipyTe Mpo-
EKTUPOBAHUS U APYTHUX.

Heo0xo1uMOCTh BBIMOJHEHUS] OTKATOB MPEAOIpeaAesieT HaJIMYUe B OpPT-
pade G(V, D) tpex moamuoxects gyr D =D, UD, U D;:

D, - mpsiMbIe CBSI3M MEXy CMEKHBIMH BepIInHaMu (cM. BbIme puc. 3.8);

D,- «OnuxHue» 00paTHBIE CBA3U MEXKy CMEKHBIMU BEPIINHAMU,

D,- «nanpHHMe» 0OpaTHBIE CBSA3M MEXKIY BEPIIMHAMM, KOTOPBIE HE ABIIA-

IOTCSI CME)KHBIMH, T.€. MEKIy HUMH OTCYTCTBYIOT TPSIMbIE€ CBSI3U, HO CYIIECTBY-
€T OMOCPEACTBOBaHHAS HH()OPMAITMOHHAS CBS3b.
[Teperpyxennocts oprpada G(V,D) nyramu mpHBOIUT K YBEIUYCHUIO

HaKJIQJIHBIX PacXoJI0B MpH ero GopMUpPOBaHUH, XpaHEHUU U 00paboTke. Hampu-
Mep, mnpoekTtHas mnporeaypa Illlg (puc. 3.8) mpu Tpex MNPsAMBIX CBA3SIX
(TTe- Iy, IIIT7-ITIg, IIIlg- I[1Ilg) HMMeeT COOTBETCTBEHHO TPHU ONMKHHMX
(TTTg- I, Tlg- ITIl7, IIIg-ITIlg) w msate manmpHuX (I1IIg- ITITs, ITITg- ITIT3,
[1Ig- I1I1y4, ITIg- ITIIy, ITIg- I1I1;) 0OpaTHBIX CBS3EHA.

AHanu3 WHGOPMAIMOHHBIX CBSA3€H MEXIY IMPOCKTHBIMH IMPOIEIypaMHU B
TEXHOJOTHYECKOM MapuipyTe (C TOYKH 3PEHHS aBTOMATH3alldd IPOICAYPHI
VIPABJICHHUS <TIyOOKHH OTKAT») IMOKa3bIBaeT, YTO AYTH, COOTBETCTBYIOIIHE
JTaTbHUM OOPAaTHBIM CBS3SM, MOXXHO MCKIIOYHTH M3 PACCMOTpPEHHs Oe3 ymiepoa
JUIsl OOUTHOCTH pellIeHUs 3a1a4u. YUeT OMMKHUX 0OpaTHBIX CBs3el oOecrieunBa-
€T BO3MOXKHOCTh 00x04a oprpada B IBYX HaIlpaBlICHHAX. Ecim mpu pemeHun
3a7a4u T1yOOKOr0 OTKaTa BbIOpPATh TOJILKO OJHO HaIlpaBJjE€HHE, COOTBETCTBYIO-
mee MpSMbIM HHGOPMAITMOHHBIM CBSI3SIM B TEXHOJIOTHYECKOM MapIIpyTe MPOCK-
TUPOBAHUSI, TO U3 PACCMOTPEHHS MOKHO UCKITIOUUTh U OJIM>KHUE 0OpaTHBIE CBSI-
3W IPOEKTHBIX MPOLETYD.

C KOHIENTyaJbHOW TOYKH 3peHHs, MH(DOpPMAlHMOHHAs HHPPACTPYKTypa
kommuiekcHo CAIIP o0pa3yeT JI0TMYecKylo 3Be3J000pa3HYI0 CTPYKTYpPY, B
LIEHTPE KOTOPOH pa3mMemiaeTcs LeHTpaidbHas MoHuTOpHas cuctema (LIMC), a
KaKbIM U3 JIyuel MpeJICTaBlICH JOKAIBHOW CUCTEMOM COOTBETCTBYIOIIETO THIIA.
BoiaenstoT cucTeMbl ClIeIYIONIUX TUIIOB!

- nokanbHas MoHuTOpHAs cucreMa (JIMC);

- neHTpanbHas nHpopmanuonHas cucrema (II1C);

- UEHTPaJbHBIA apXuB MpoekTHBIX pemenuii (L{ATIP) CAIIP.
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KomuuectBo JIMC B 3Be37000pa3HOM CTPYKTYpe COOTBETCTBYET KOJIUYE-
CTBY «pabo4yux MECT» B KOHBEepe MpOeKTUPOBAHMs, MOCKOIBKY KaXaA0€ pado-
yee MecTo ocHarraercss cooctseHHo JIMC. JIMC saBisieTcss ”HBapHaHTHOM 00-
cinyxuBatonieil mogcucremoir CAIIP, T.e. oHa He 3aBUCUT HHU OT MPEAMETHOMI
00nacTH, HU OT COCTaBa MCIOJb3yeMbIX UHCTPYMEHTAJIbHBIX CPEICTB MPOEKTH-
poBanusi. Kpome toro, JIMC saBnseTcss KOHPUTYpUPYEMOW MOJICUCTEMOM, IO-
3BOJISIFOILIEH JIETKO BBIMOJHUTh HACTPOMKY Ha pEUIEHUE 3a]ay, peain3yeMbIX Ha
KaKJIOM paboyeM MecTe KOHBeWepa MpOeKTUpOBaHUs, 0€3 MepenporpaMMHUpO-
BaHUS, TPAHCISIIUM W TOBTOPHOM KOMITOHOBKH MCIIOJB3YEMbBIX MPOTPAMMHBIX
WHCTPYMEHTAIBHBIX CPEJICTB.

Jlna peanuzanuu nHGOPMAIMOHHOTO B3aWMOJICHCTBUS B paMKaxX paccMmart-
puBaeMoil HMHQPACTPYKTYphl pa3paboTaH KOMILJIEKC BBICOKOYPOBHEBBIX CHUH-
XpOHHBIX MPOTOKOJIOB oOMeHa. HeoOxoammMo oTMeTuTh, 4To 0OMeH mH(popMa-
IMOHHBIMUA KOHTEHHEpAMHU MEXYy MPOCKTUPYIOIUMHU MOACUCTEMAMHU OCYIIECT-
BJISIETCS OTIOCPEJICTBOBAHHO - 110 3amnpocy cooTBeTrcTByome JIMC k IIMC; no-
clenHsis, B CBOIO ouepenn, peanusyer 3amnpoc Kk L{UAC, koropas sBasercsa LeH-
TpaJu30BaHHBIM XPAHWIUIIEM KOHTEHHEPOB C MPOCKTHBIMH PEIICHUSIMU, BhIpa-
OOTaHHBIMHU MPOEKTHBIMHU MPOLEAYPaMHU. AHAJOTUYHBIM MPOTOKOJ UCIOJIb3YyET-
Csl JUTsl OpraHU3aIMK B3aMMOICUCTBHUS WH(POPMAIIMOHHON U apXUBHOU cucteM. B
YaCTHOCTH, MPOEKTHbIE PEUICHHS 3aBEPIICHHBIX MPOEKTOB IO COOTBETCTBYIO-
MM 3anpocaMm MoryT OwITh niepeaansl u3 LIMC B LIAIIP unu, Hao60poT, U3BIIE-
yeHbl U3 Hero u nometensl B [IUC nns nocnenyrouieit nepeaadu B 3aTpeOOBaB-

LIYI0 UX IPOEKTHYIO MPOLEAYPY.

3.4. ABToMaTu3auus ynpaBJjieHUs HHPOPMAUOHHOI HHPPACTPYKTYpPOIi
komiuiekcHoit CAIIP

[IporpaMMHBIli WHCTPYMEHTAapHUi, MOIICPKUBAOIIAN HEPAPXUUECKYIO
CTPYKTYpPY IIPOEKTa, CETEBOE IUIAHUPOBAHUE U OLICHKY ITOJy4aeMbIX pe3yJibTa-
TOB C MCIIOJIb30BaHUEM JIMHAMHYECKOM MOJENIH Mpolecca IMPOECKTUPOBAHUSA,
MPEJICTABICH B MOHUTOPHOU M wHpopManmonHoi cucremax CAIIP [96]. [an-
HBIC CHCTEMbl HHBAPUAHTHBI 110 OTHOIIECHUIO K JAPYrUM (IPOSKTUPYIOIIMM) TTOJI-
CUCTEMaM M O00ECMEeYMBAIOT CBOETO poja «IaaTdopmy» IS MOCTPOCHUS KOM-
miekcHbIX CAIIP paznuyHOro Ha3HauYEHHS.

Pa3paboTka MHPOPMAIIMOHHON MOJeNH Mpoliecca MPOSKTHPOBAHUS OCY-
HIECTBJIAETCS B TpU 3Tana. Ha nmepBom 3Tamne ocyuecTBIsIeTCs BbIOOP OJHOTO U3
MHOECTBa TE€XHOJOTHMYECKUX MapLIPyTOB MPOECKTUPOBAHUS, 00ECIEeUNBAEMBIX
komiuiekcHorr CAIIP, T.e. 3amaetcst (M mpopabaThIBaeTCs) TaK Ha3bIBAEMBIN BEK-
Top 00paboTku. [Ipu 3TOM oOmpeaensroTcs UACHTH(PUKATOPHI MPOSKTUPYIOIIUX
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MOACUCTEM, PEATU3YIOIINX HEOOXOIUMBbIE MPOEKTHBIE Mpolueaypsl. llepedyenn
UICHTU(PUKATOPOB YCTaHABIMBAETCS M yTBepkaaerca pykoBogutenem CAIIP mo
COTJIaCOBaHUIO C aJMUHUCTPATOPOM HH(GOPMAIIMOHHOW CUCTeMbl. B manmpHei-
IeM 3TO MHOXKECTBO HIICHTU(PHUKATOPOB, BKIIOUYCHHOE B 0a3y AaHHBIX WH)OP-
MAallMOHHOM CHCTEMBI, MCHOJIb3YETCsl MPHU pa3pabOTKE U COMPOBOXKICHUU HH-
(OpPMaIMOHHBIX MOJIENCH MPOEKTOB C HENbI0 YKa3aHUS MOACHCTEM, UMEIOIIUX
MpaBoO JOCTYIa K MPOEKTHBIM PEIICHUSM, BHIPAOOTAHHBIM JJIs KaXAoro (yHK-
LMOHAJILHOTO y3/1a KaKI0r0 pa3padaThIBa€MOro MpoeKTa.

Ha BTopom sTame co3maercs nepapxudeckas CXxeMa IMpPOEKTa, aJIeKBaTHO
OTpakarouiasi CTpyKTypy oObeKTa MpoekTupoBaHus. Ha 3ToM 3Tamne BhIMOJIHSET-
Csl Mepapxudeckas JEKOMIIO3UIIH 00beKTa Ha (hparMeHThI, B OTHOIIEHUU KOTO-
PBIX TaK)K€ MOJKET OBbITh BBINOJIHEHA ACKOMIO3ULIMS, U TaK Jajee - A0 TeX Mop,
MOKa CIIOXKHOCTh KaXXI0TO (hparMeHTa He CTaHET MPUEeMIIEMOM JIsi BHITIOJIHCHUSI
€ro NPOEKTUPOBAaHUS C MOMOIIBK MMEIOIINXCS WHCTPYMEHTAJIbHBIX CPEACTB. B
JanbHeWmeM GparMeHThl 00BEKTa MPOSKTUPOBAHUS MOTYYaAOT OTHOCHTEIBHYIO
CBOOOIY MPHU MPOXOXKACHUU IO MAPIIPYTY MPOEKTUPOBAHUS, T.€. UX MPOCKTUPO-
BAHUE B ONPEJCICHHOM CMBICIIE BBIIIOJIHIETCS CAMOCTOSITENIBHO.

Nepapxuyeckas cxeMa MpoeKTa UCMOJb3YyeTCs MpU pa3pabOTKe MCXOIHO-
ro onucaHus WHGOPMAIMOHHOW MOJENH MPOEKTa U co3maercs B cpeae uHbop-
MaIMoHHOM cucteMbl KomiuiekcHoit CAIIP. [Ins moAroToOBKM MCXOJHOTO OIH-
caHMs pa3paboTaH CICHHUATBHBIA S3bIK onucaHus npoekra (SOII). DToT sA3bIK
MO3BOJISIET 3a/1aBaTh CICAYIONINE DIEMEHTHI HHPOPMAIIMOHHON MOJENIN MPOEKTA!

- VHUKaIbHBIH HACHTH(PUKATOP, OJHO3HAYHO OMPENCIISIIONUNA AaHHBIA

MPOEKT cpeu MHOXKecTBa pa3pabdareiBaeMbiX B CAIIP npoekTos;
- TIepeuYeHb YHUKAJIBbHBIX (B paMKax JaHHOTO MPOEKTa) UICHTU(PUKATOPOB
MPOCKTUPYEMBIX (PyHKIMOHATIBHBIX Y3JI0B 00bEKTa MPOSKTHPOBAHUS,

- HEPapXHUECKYI0 TMOMYMHECHHOCTh (CTPYKTYPY) QYHKIIMOHATBHBIX Y3JIOB

00bEKTa MPOEKTUPOBAHUS;

- MepedyeHb UACHTHU(UKATOPOB THIOB MPOEKTHBIX PEIICHUN, BhIPaOaTHI-

BAa€MbIX UIS KaXJ0T0 (PYHKIIMOHAIBHOTO y371a 00BhEKTa MPOCKTHUPOBA-
HUS ¥ BBIOMPACMBIX M3 MHOXECTBa (JJOMEHA) THIIOB MPOSKTHBIX pellle-
HUH, OTIpeIeJICHHOTO B 0a3e JaHHBIX HHPOPMAIIMOHHON CUCTEMBI,

- TepedyeHb UICHTU(PHUKATOPOB MPOCKTUPYIOMINX MOJCHCTEM, PEeaIU3yIo-
IIMX MPOEKTHBIE MPOLEAYPHI, KOTOPbIE UMEIOT IPABO JOCTyIa K Ipo-
€KTHOMY PELICHHWIO YKa3aHHOTO THUIA JJId KaXXI0ro MPOECKTHUPYEMOIO
y3I1a,;

- MepedyeHb UICHTU(PHUKATOPOB MPOCKTUPYIOMINX MOJCHCTEM, PEeaU3yIo-

IIMX MPOEKTHBIE MPOLEAYPHI, OTBETCTBEHHBIM HCIIOJHUTEISAM KOTOPBIX
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HEOOXOJIMMO TIOCJIATh OMOBEIICHUE B CIydyae M3MEHEHHs] MPOEKTHOTO
peLIeHUs AJisl MPOEKTUPYEMOTO y3JIa.

Tpancnanuss UCXOTHOTO OMHCAHUS WHPOPMAIMOHHON MOJAENIH TMPOCKTa
BBINIOJIHSETCS C MOMOIIBI0 TeHeparopa Moaenu npoekra (I'MII). Jlns Busyais-
HOUM IIPOBEPKH CTE€HEPUPOBAHHOM paboueil MOAENIH MPOEKTa UCMIOIb3YEeTCS JIUC-
TUHT pabodeil mMomenu, popmMupyemblii OJHOW W3 CepBHUCHBIX Iporpamm. [Ipu
HEOOXOIMMOCTH paboUdyr0 MOJEb MPOEKTa MOXXHO MOIU(HUIIMpOBATh OO ITy-
TEM KOPPEKTUPOBKH MCXOJHOTO OMHCAHUA MOJEIU W MOBTOPHOW €ro TpaHCs-
UM, MO0 C TIOMOIIBID MPOrpaMM HHTEPAKTUBHOHN (OIEpaTUBHOWM) KOPPEKTH-
poBku. PabGouas Mojenb MpoOeKTa HMCIOJIb3yeTcs] MHPOPMAIIMOHHOW CHUCTEMOM
IUIA pelIeHUs 3a/1a4 ynpaBieHus (GOHIOM MPOCKTHBIX PEIICHHUH U, B YACTHOCTH,
JUTSL IPeAOTBPAIEHUsST HECAHKIIMOHUPOBAHHOTO JOCTYINa K KOHTEHEpaM ¢ Mpo-
€KTHBIMH PEIICHUSIMU CO CTOPOHBI IPOECKTUPYIOIIUX MOJCUCTEM.

Ha tpetbem 3Tane cozmaercs nHpopMarmoHHas MOJIeNb Ipolecca mpoeK-
THPOBAHMS MyTEM BBITIOJHCHUS <IPUBSI3KN» (ParMeHTOB 00BEKTa MPOCKTHUPO-
BaHMS K IPOEKTHBIM MpOLeAypaM KOHBelepa 00pabOTKH, MPECTaBIISIONIETO
TEXHOJIOTUYECKUN MapuIpyT NpoekTupoBanus. Ha 3ToM 3tame pemaercs BOIpoc
0 BO3MOKHOCTH MaPAJIIEIBLHOTO BBIIOJHEHHUSI HEKOTOPBIX MPOCKTHBIX MPOLERYP
MapuIpyTa, a TakKe OCYUIECTBIIAETCS KaJeHAapHOE IUIAHUPOBAaHHE padOT, BbI-
MOJIHAEMBIX TPOCKTHBIMHU TpoleaypaMu MapuipyTa. MHbopmamms o BEKTOpe
00pabOTKH, T.€. 0 TEXHOJIOTHUYECKOM MapIIpyTe MPOCKTUPOBAHMS, U PE3YIbTATHI
HMepapXrUuecKoi JEKOMIIO3UIIUM MPOEKTA, MOJYyUYeHHbIE HA MPEAbIAYIIMX dTanax,
WCIIOJIB3YIOTCS MPHU Pa3padOTKE UCXOIHOTO OMUCAaHUA WH(POPMAIIMOHHONW MOJIe-
JIM TIpoIiecca MPOSKTHPOBAHKS Ha CIICIIUAIBLHOM JISKIapaTuBHOM si3bike (IOM).

Jliist 0OpabOTKHM UCXOAHOTO OMHMCaHusS U (popMUpOBaHUS pabodei MOIeIn
Mpolecca MPOEKTUPOBAHUS MCIIOJb3YETCS CIEUUATBHBIM TPAHCIATOP, HA3bIBaE-
MBI TeHepaTopoM paboueit moaenu (I'PM). 'eneparus padoueit Mojenu mpo-
1ecca MPOEKTUPOBAHUS BBIOIHAETCS MO TPEXIMPOXOJHOU cxeme. XOTs MHOTrO-
MPOXOJIHASA CXEMa TPAHCIISIIUU TPpeOyeT HECKOJIbKO OOJIBIINX BPEMEHHBIX 3aTpaT
Ha reHepauuio pabodeil MOJAENH, YeM OJHOMPOXOJHAs, OHA MO3BOJISIET CYIIECT-
BEHHO CHU3HUTH CJIOKHOCTH MPOLEAYP, PEATU3YIOMMX KaKIbIi MPOXOJ reHepa-
TOpA.

YkpynHeHHass CTpyKTypHass cxemMa QopMupoBaHus HHGOPMAIIMOHHON
MOJIEJIN TIpoliecca MPOEKTUPOBAHUS, UCTIOJIb3YIOLIEHCS IPU PELICHUH 3a7a4 aB-
TOMAaTH3allUM YIIpaBliecHUs WH(opMmanuonHoi uHdpacTpykrypoir CAIIP, mpen-
cTaBieHa Ha puc. 3.9.



OnpepeneHune BekTopa
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Cpepna CAIP

v

Paspabotka u BBOA
MNCXOAHOro onMcaHus
MHOPMaLNOHHOW MoAenu
npoekTa

Cpepa nHdopmaumoHHom cuctemsl CATP

P
«
v

eHepauusa paboyen
MoAenu npoekTa

BbiBOO nuctuHra pabouen
MoZenu npoekTa

Pabo4yasa mogenb
npoekra BepHa?

[wnanoroBas
KOPPEKTUpOBKa paboyen
MoZenu npoekTa

KoppekTupoBka MCXogHoOro
onucanus NHhopMaLoH-
HOM MOAENUN NpoeKTa

Hwanoroas
KOppeKTnpoBka?

A

PaspaboTka n BBOA
MNCXOAHOro onucaHus
MHOPMaLMOHHOM
Mogenu npouecca
NPOEKTUPOBAHUSA

Cpepna moHuTopHom cuctembl CAIP

v

eHepauus paboyen
MoAenu npouecca
NPOEKTUPOBaHUS

4
<
h 4

BbiBOg nucTuHra paboyen
Mofenu npotecca
NPOEKTUPOBaHUS

[nanoroBas koppekTUpoBKa
paboyen moagenu npouecca
NPOEKTUPOBaHUS

KoppekTnpoBka MCXogHoro
onucaHnst HhopMaLMOH-
HOWM MoAenu npouecca
NPOEKTUPOBaHMUSA

!

Mopenb npouecca
NpOoeKTUpOBaHUs
BepHa?

Oa

Hwanoroas
KOppEeKTUpoBKa?

V'S

Het

Puc. 3.9. Cmpyxkmypnas cxema ghopmuposanus ungopmauyuonnoii mooenu npoyecca
npoeKmuposanus
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g 5phekTUBHOTO ympaBieHUs MPOEKTOM M MPOIECCOM MPOSKTHUPOBa-
Hus B cpene komiiekcHo CATIP HeoOxoauMo penieHne psjia 3ajad, OCHOBHBIC
13 KOTOPBIX CJEIYIOIIHE!

- MOHHUTOPHHI TEKYIIETO COCTOSIHUS MPOEKTA, PEATU3yEMOr0 B PEKUME

MYJIbTUIIPOECKTUPOBAHUS;
- KOOpIHWHAIMS JCHCTBUU Pa3IMUHBIX TPyNI (IMOApa3IeICHU) TPOSKTH-
POBILMKOB, 3aHATHIX B pabOTE HaJ MPOEKTOM;

- o0ecredyeHre U KOHTPOJIb JIOTMUECKON ILIEJOCTHOCTH MPOEKTa, peaiu-

3yeMOT0 B PaCIpEACIEHHON BBIYUCIUTENBHON CPENE;

- MeperuiaHupOBaHUE U BPEMEHHAS yBSA3KA PA3IUYHBIX MPOEKTHBIX padoT;

- peanuzanus riiyOOKOro OoTkaTa B TEXHOJOTHYECKOM MapLIpyTe MpOeK-

TUPOBAHUS.

CnocoObl U cpecTBa pelieHus MEePEeUUCICHHBIX 3a/1a4 OCHOBBIBAIOTCS Ha
MCIIOJIb30BAaHUU WH(POPMAIIMOHHON MOJEIH Tpoliecca MPOSKTHPOBAHHS.

Cpenn 3amau ympaBieHUss HHGOPMAIMOHHOW HHEOPACTPYKTYpOH KOM-
mekcHor CAIIP, moayexamuyx rnepBoovYepe/IHOM aBTOMAaTU3allUH, CIEIYET Bbl-
JEUTh PeATU3alMI0 MPOLEAYPhl €OTKATa» B TEXHOJIOTHUYECKOM MapUIpyTe Mpo-
ekTupoBaHus. llponecc NpPOEKTUPOBAHUS CIOXKHBIX TEXHUUYECKUX OOBEKTOB
VMMEET BBIPAKECHHBIN UTEPALIMOHHBIN XapakTep. Kaxxaon urepaunu npeamecTBy-
€T «OTKaT» K paHee BBINOJHEHHOW MPOEKTHOW MPOLENYPE B TEXHOJIOTHYECKOM
MapuipyTe.

OTKaThl MOTYT UMETh PA3IUUHYIO «TJTYOHMHY», KOTOpas ONpenesaeTcss Kak
OOBCKTUBHBIMH (HANPUMEpP, CIOXHOCTh MPOSKTUPYEMOTO W3JCIHsI, HATUYHUC
WM OTCYTCTBHUE MOJIXOASIIMX MHCTPYMEHTAIBHBIX CPEJACTB MPOEKTHUPOBAHUS U
1p.), TAK U CyOBEKTUBHBIMH (haKTOpamu (HampuMep, OIMBIT MPOSKTHPOBIIUKOB,
KBaJIM (DUIIUPOBAHHOE PYKOBOJCTBO MPOCKTOM W JIp.) Tpolecca MPOSKTHPOBa-
HUS.

[Ipu MpOEKTUPOBAHUU CIIOKHBIX OOBEKTOB HEPEAKO BO3HUKAET HEOOXO-
JUMOCTbH BBITIOJIHEHUSI «TJYOOKHX» OTKAaTOB, KOrJa JONYUIEHHAas Ha pPaHHUX
JTanax omuoKa oOHapyKUBAETCS JUIIb HA OJJHOM U3 3aKITIOUYUTENIbHBIX 3TAIlOB U
TpeOyeT BO3BpaTa B KaKylO-T1M00 U3 paHee BBIIOJIHEHHBIX MPOEKTHBIX MPOLEAYP
WJIY J1a’K€ B HAYAJIO TEXHOJIOTHYECKOTO MapupyTa.

3ajada peanu3aluu OTKaTa B TEXHOJOTMYECKOM MapUIpyTe MPOEKTUPOBA-
HUS CBOJUTCS K OJHOM M3 3a/a4 mo0aibHOTO aHaim3a rpadoB, a UMEHHO K 00-
XOJly BepIKH oprpada.

Haubonee pacnpocTpaHEHHBIMH METOJAMH, UCIOJb3YIOUIUMUCS TPHU pe-
HICHUH 3a/ad TI100adbHOTO aHalu3a TpadoB, SBISIOTCS MOWCKH B TIYOMHY U B
nmpuny [113]. MeToa moucka B riyOHMHY MOJIYYHI IIMPOKOE PACIPOCTPaHCHHE
Omarogapsi OoJibliel yHUBEpcalbHOCTH. [IoucKk B riyOMHY - 3TO peryisipHbIil
00Xx0]1 BepIIuH rpada 1mo ciaeayIIIM MpaBuiIam:
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- HaXOJsCh B BEpIIMHE X, HYXKHO JABUTATHCS B JIIO0YIO APYTyIO, paHee He
MPOMACHHYIO BEpIIMHY Y (€CiM TakoBasi HaWIETCs), OJHOBPEMEHHO 3a-
MOMHUHAs AYTY, IO KOTOPOU BIEPBbHIE MOMAJIA B HEE;

- €CJIM U3 BEPIIMHBI X HE YJIa€TCs MOMACTh B paHee HE MPOUJECHHYIO BEp-
HIMHY, WIX TaKOBOM BOOOILE HET, TO HEOOXOAMMO BEPHYTHCA B BEPILU-
HY Z, U3 KOTOPOU BIIEpBbI€ MONAIH B X, U MPOJOJKUTH TTOUCK B TIIyOUHY
13 BEPIIUHBI Z.

Takum 006pa3om, IpH BHIMIOJTHEHUH 00X0J/1a BepIIuH rpada Mo 3TUM Ipa-
BUJIAaM CTPEMSATCS MPOHUKHYTH B TyOb rpada Tak manexo, Kak 3TO BO3MOXHO,
3aTeM BBINOJHIIOT OTXOJ Ha IIar Ha3aJ U CHOBA CTPEMSTCS NMPONTH BIepen U
T.1.

Mertony noucka B M1yOMHY MOKHO B M3BECTHOM CMBICJIE MPOTHUBOIOCTA-
BUTh METOJl MOWCKA B IIMPUHY, KOTOPBIM MpenAnojaraeT MociieA0BaTeIbHbIN
IPOCMOTP BCEX BEPIIMH rpada Ha ypoBHE K, 3aTeM Bcex BepIIMH HAa ypoBHE K+ 1
U T.JI.

UtepatuBHbIi anroput™M 00xoda oprpada, HCMIONB3YIOMUNA BCIIOMOTa-
TEJNBHBIA CIUCOK KOPHEBBIX BepIIMH (TOM)IECPEBHEB, SBISETCS CBOCOOPA3HBIM
«CUMOMO030M>» aJTOPUTMOB, PEAIU3YIOIIUX METO/IbI MOUCKA B TIIYOUHY U IIUPU-
Hy [114, 115]. B oTin4mie OT U3BECTHOTO PEKYPCUBHOTO alrOpUTMa IOWCKAa B
rnyouny, mpemioxkenHoro P. TapesHom [116], maHHBI anropuT™ 00JagacT
JIBYMS CJIEIYIOIIMMU MIPEUMYILIECTBAMM:

- He TpeOyeT Hanmuuus (WM 3allOMUHAHUS) OOpATHBIX OYT JJIsl BEPIIHUH
oprpada, T.c. SJKOHOMHUT OINEPATHBHYIO MaMATh W/WIH JUCKOBOE MPO-
CTPaHCTBO;

- COKpamaeT BpeMs 00pabOTKM BEpUIMH oprpada 3a cyeT 0TKaza OT BO3-
BpaTa B KOPHEBbIE BEPIIMHBI TTOMCKA MO OOPATHBIM JyTaM.

NtepaTuBHBIN aNrOpUTM BBINOJHAET PErYJSIPHBIM 00X0J BEpIIMH Oprpa-
(a 1o cIeayIOMNM MpaBUIaM:

[ToraB B HEKOTOPYIO BEPIIUHY X, HY)KHO MPOAHATU3UPOBATH e¢ THUIl (IO
KOJIMYECTBY MUCXOASIIUX AyT). Eciin BepumHa KOpHEBasi, TO 3aHECTH €€ B CIIMCOK
KOPHEBBIX BepIIMH (IIPH YCIOBHH, YTO OHA HE ObLIAa paHEe 3aHECEHA B ATOT CITU-
COK) M IPEKPATUTh MPOJBHKEHUE BriayOs oprpada. Eciiu BepimnHa oObIaHast, TO
MPOJIBUTAThCA B APYTYIO, paHEE HE MPOUICHHYIO BEPIIUHY Y.

Ecnu u3 BepmuHbl X HE yJaeTcs MOMNAcTh B paHee HE MPOMIAECHHYIO BEp-
HIMHY, WK TaKOBOM BOOOIIE HET, TO HEOOXOAUMO BBIOpATh OUEPEIHYIO KOPHE-
BYIO BEPIIMHY Z U3 CIIMCKA U MPOJOJKUTH MOUCK B TIIYOUHY U3 3TON BEPILIHHBI.

Ecnm cniricox KOpHEBBIX BEPIIMH OKa3bIBAETCS UCUEPIAHHBIM, T.€. BCE€ 00-
Hapy>KEHHbIE KOPHEBBIE BEpIIMHBI oprpada oOpadoTaHbl, TO aIrOPUTM IpeKpa-
1IaeT CBOIO pabdoTy.
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CTpyKTypHasi cXxeMa UTEPAaTUBHOTO alTOPUTMA ISl 00X0/1a BEPIIUH MPO-
M3BOJILHOTO oprpada mpeacrasieHa Ha puc. 3.10. JlaHHbII anropuT™ obecreyu-
BaeT 00X0J M HyMEpaIluio BceX BepimuH oprpada. B kadecTBe moOoYHOTO pe-
3yJlbTaTa OT BBHIMIOJHEHHUS alTOPHUTMa MOKHO pacCMaTpUBaTh HyMEpaIUi0 HCXO-
JSIIUX TyT U KaXXKI0M KOpHEBOM BepmuHBI oprpada. Hebonbmas moauduka-
[[Ms ITOPUTMA TTO3BOJISIET BHITIOJHUTH CKBO3HYIO HYMEpallUio IyT B oprpade.

Crnenyet TakXke OTMETUTh, YTO XOTS JAHHBIN alTOPUTM pa3padaThiBasiCs B
pacueTe Ha 00pabOTKY alUKJIMYECKUX OprpadoB, UCXOAS U3 YCIOBHH KOHKpET-
HOW MpeAMEeTHOU 3amayu, mocie HeOONbIIoW MOAU(HUKAINA OH KOPPEKTHO pa-
00TaeT u B ciIydae MPOU3BOIBHBIX Oprpad)oB, COAECPKANUX KOHTYPHBIC MYTH.

JleicTBUTENHHO, OTHUM M3 YCIOBUUM MpEKpamleHus MPOJBIKECHHS B TITy-
Oouny oprpada sBiseTcs OOHapy>KEHHE MPOHYMEPOBAHHOW BEPIIMHBI, YTO HC-
KIIF0OYaeT BO3MOXKHOCTh MHOTOKpPATHOM HyMepaluu BepiuH. Beskuii pas, koraa
oOHapyKMBAETCs MPOHYMEpPOBaHHAsS BEPIIMHA, OCYIIECTBISETCS BO3BpaT B Te-
KYIIYI0 BEPIIUHY TOUCKA AJIs MpooiKeHust 06xoaa oprpada. Eciu 3To xopHe-
Basg BEpIIWHA, TO JUIS HEE BBHIOMpAETCS CIEAyIollas MCXOMAAINas Iyra u o0xon
MPOJ0JDKAETCA MO 3ToM nyre. Ecmu 3To BepimHa, KOTOpas UMEeT TOJBKO OJTHY
UCXOJIAIIYIO AYTY, TO B ONMKUCAHUM aJTOPUTMA TIOCIIE TOTO, KaK BBITTOJTHHUTCS TIe-
PEXOJ K CIIEYIONIEH BepIInHe, HEOOXOIMMO BKIFOUHTH TPOBEPKY, UTO BEpIIMHA
mpoHyMepoBaHa. /[aHHas poBepKa MO3BOJIAET UCKIIOUNTD «3allUKJIMBAHUE aJl-
rOpUTMa B CiIydyae OOHApyKEHUsSI MPOHYMEPOBAHHOW BEPIITUHBI.

Ananu3 3¢ (HEeKTHBHOCTH BBHITIOTHEHUS PEKYPCUBHOTO U UTEPATUBHOTO aJl-
TOPUTMOB I IBYX TPAHUYHBIX BAPUAHTOB CTPYKTYPHI allUKIMYECKUX oprpados
(;muHeitHOTO Oprpada M JABOMYHOTO JEpeBa) MO3BOJWI MOJYYUThH CICAYIOIINE
COOTHOIIICHHUS:

2N -1 .
K, = N - U1 TMHEWHOTO oprpada;
- N+2M VTSI IBOMYHOI'O JepeBa
>"N+2M - 1 pers

rae N - oOmiee KOIM4YeCTBO BepIIHH oprpada;

M - KOTMYEeCTBO KOPHEBBIX BEPIIUH,;

K - koaddumuent, mokaspBaomuii oTHOMIEHHE 3(PPEKTUBHOCTEH peKyp-
CHUBHOTO U UTEPATUBHOTO aJTOPUTMOB.
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Hauano
A 4 v v
Nunumanuzanus l'[o.ny‘mn,u BEPILIHHY, HoMmep BepLIHHbL:
CIIHCKAa KOPHEBBIX ¢ KOTOPOii HAYNHA- N=1
BEPIUHH ercs o0xox oprpada

o Ve
VT‘
Moayyurs HOMEp 3aHecTH KOJIMYEeCTBO
BEPIIHMHBI U3 CIHC- HCXOAALIUX AYT
Kka u 3a”Hectu B N B Cnt

T

HET

YcranoBuTs ykasa-

Teb Ha CJIeNyIo- C\: Cntt 0?
HIMH 3JIeMeHT A
cnucKa

A

Homep ucxoasimiei
ayru: M =0

A v

o ' / \\ u
CnHcoK KOPHEBBIX IepeiiTn B ciexyio-
BEepPIIMH HCYEPNaH? LIYI0 BEPUIHHY IO

e

~ HCXOAsIIIeH nyre

aa

Bepmmna npo-
HyMepoBaHa?

N ~
/

Homep BepmnHbI:
N=N+1

Puc. 3.10, a. Cmpykmypnas cxema umepamugHozo anzopumma 0is 00xo0a eepuiuH
npou3zeoivHo2o opzpagha (nauano)
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- aa
Homep Bepmunbr N

eCcTh B CIMCKe?

~

e

3anecTn HOMep Homep ncxoasim eii
Bepuruasl N ayrm: M =M +1
B CIIHCOK

v

Homep ncxoasuei
ayrm: M =1

IepeiiTu B cienylo-
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ucxoasimeii nyre c
Homepom M
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3aHeCcTH KOJI-BO HC-
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pepmunbl B Cnt2

v HeT

Cnt2: 0?

IepeiiTu B cienylo-
Y0 BEPIIHHY MO
ucxoasaum e anyre
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pepmunb N
B CIIHCOK

o

Puc. 3.10, 6. Cmpykmypnas cxema umepamugHozo anzopumma 0is 00xo0a éepuiun
npou3e0avHo20 opzpagha (okonuanue)
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Kaxnmas mpoekTHass mporeaypa, NpeicTaBieHHas B HHGOPMAIMOHHON
MOJIEJIH, B JIF0O0OM MOMEHT Mpoliecca MPOEKTUPOBAHUS HAXOAUTCS B OJHOM HU3
CIENYIONMNX PaboYuX COCTOSHUMN: TTACCUBHOE, OKUJIAHUS, BHIMIOJHEHUE, TPUOC-
TAHOBJIEHHOE, JIOKAJIbHO 3aBEpIlIeHa, IN100anpHO 3aBepiieHa. Cpa3y mocie rese-
pauuu pabouyeil MOJENIN MPOEKTHBIE MPOUENYPhl HAXOAITCA JUOO B COCTOSIHUU
«rmaccuBHOE» (€CJIM OHM HE MMEIOT BXOJHBIX CCBUIOK, T.C. SIBJISIOTCS HAYaJIbHBI-
MH TpOIEeAypaMu MapIpyTa), JTUOO B COCTOSHHH «OXKHIAHHS» (ecinu MM Ha
BXOJ| HE MOCTYMHJIO MPOEKTHOE PEUICHHWE OT MPEAIIECTBYIOUICH MO MapuIpyTy
MPOSKTHOM MPOIICAYPHI).

B nmanpHeiieM BaKHbIE - C TOUKHM 3PEHHMS 3a/lay yNpPaBICHUS - COOBITHUSA
B CHUCTEME MOTYT MPUBECTU K CMEHE pabdouero COCTOSIHUSA MPOEKTHOW MpoLeay-
pbl. OTH coObITHs (Tepenaya, IpreM, yIaleHHe WK 3aMeHa KOHTEHHepa ¢ mpo-
CKTHBIM PCIICHUEM, OTKAT B TEXHOJIOTMYECKOM MAapIIpyTe) KOHTPOJIUPYIOTCS
CpeICTBAaMU MOHHUTOPHOUW CHCTEMBI, KOTOPhIE OOHOBJISIIOT COCTOSIHHE HH(pOpMa-
MoHHOW Mojenmu. CMeHy pabOYuX COCTOSHUN MPOEKTHOM MPOIEAypPhl MOXKHO
MPEJICTABUTH C IIOMOIIBIO IUarpaMMbl coctosiHuit (puc. 3.11).

[epexoapbi:

A - T'eHepauus cocTosiHMA ans
npouenypbl, He UMeoLLIEN
BXOAHbIX CCbIMOK,;

B - eHepauua coctosiHus Ans
npoueaypbl, UmetoLLen
BXOAHbIE CCbISTKU;

C - MHuumaums BbINONMHEHWS;

D - lNonyyeHne NpoeKTHOro
peLleHns oT npeabiayLuen
npoueaypbl;

E - O6HapyxeHue oLmbku
NPOEKTUPOBaHNA B
Nony4eHHOM NPOEKTHOM
pelueHuu;

Paboumre cocTosiHus:
0 - l'eHepauusa paboden mogenu;
1 - MaccuBHoE;

2 - Oxunpanus;

3 - BbInonHeHus;

4 - MpUOCTaHOBNEHHOE; H - OTkaT B TExHONorn4eckom mMapLupyTe ans

5 - 3aBepLUEHa NOKaNbHO; npoLeaypbl, He UMEeoLLEN BXOOHBIX CCbINOK,;
6 - 3aBepLueHa rnobanbHO. | - lNepenava NPOEKTHOrO PeLLEHNSI B apXUB.

F - OTKaT B TEXHOMOrM4eCckoM MapLLpyTe Ans
npouenypbl, MMEIOLLIEN BXOOHbIE CChIMKU;

G - MNepeaada NPOEKTHOrO peLLeHNst CrieaytoLLen
npoLeaype;

Puc.3.11. /luazpamma cocmoanuit npoeKmHoil npoueoypol

HpHBeHeHHBIﬁ BBIIIC HTepaTHBHLIﬁ AJIropuTtM o6xoz[a BCPIIWH IIPOHU3-
BOJIBHOTI'O oprpacba MOKHO MOI[I/ICI)I/I]_[I/IpOBaTB NPUMCHUTCIIBHO K 3aaa4c pcainu-
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3alMy TIIyOOKOr0 OTKaTa B TEXHOJIOTMYECKOM MapuIpyTe MNpOEeKTUPOBAHUS
[117]. TTomraroBoe omucanue MOAUGUIIUPOBAHHOTO UTEPATUBHOTO aJITOPUTMA,
MpeAHA3HAYEHHOI0 JUIsi aBTOMATHM3allUM BBIMOJHEHUS MPOLEAYpbl T1yOOKOro
OTKaTa, MPHUBEJCHO HIKE.

1) HAYAJIO. /lns BepUIMHBI, COOTBETCTBYIONIECH MPOSKTHOM MPOIECIY-
pe, B Tpolecce BBHIMOIHEHUS KOTOpOW Oblla OOHapyXeHa OIIMOKa
MPOEKTUPOBAHUS, CMEHUTh pabouee COCTOsSHHE «AKTHBHasg» Ha
«[IpnocranoBneHa».

2) BecT naeHTH(GUKATOP BEPIIMHBI, HAUWHAS C KOTOPOW BBIMOTHSICTCS
obxon B oprpade, T.e. uACHTHGUKATOP MPOEKTHON MPOIeaypHI, chop-
MHPOBABUIEH HEKOPPEKTHOE MPOEKTHOE PEILICHHUE.

3) HHunmanu3upoBaTh CHUCOK HICHTH(PHUKATOPOB KOPHEBBIX BEPIIUH
(mox)nepeBbeB oprpada.

4) TlpouWTaTh 3amMCh, OTHOCSIIYIOCS K yYKa3aHHOW BeplIMHE, U3 (aiiia
paboueit Moaenu.

5) TlomyuuTh HHPOPMAIIUIO O COCTOSIHMH BEPIITUHBI.

6) Ecnu BepuinHa uMeeT cocTosiHue «JIoKalbHO 3aBepIIeHa», TO MEPEX0/
Ha mrar 9.

7) Ecau cimcok kopHeBbIX BepinuH ucuepnad, To KOHEIL.

8) IlomyuuTh OuepenHONM UICHTU(HUKATOP BEPIIMHBI U3 CITUCKA KOPHEBBIX
BEpIINH, YCTAHOBUThH yKa3aTeldb Ha CIEAYIOUIUMN AJIEMEHT U NEepPexo
Ha war 4.

9) Cwmenuth coctosiHue «JIokallbHO 3aBepiieHa» y BepinuHbl Ha «[lac-
CHBHAas».

10) [Tonyunuth wmH(pOpMAIHMIO OO0 OTBETCTBEHHOM HCIIOJIHUTEIC JAHHOM
MPOEKTHOM MPOUENYyphl U TIOCIaTh €EMY OINOBEIICHUE O CMEHE paboue-
I'0 COCTOSIHUS U O TIPUYMHE HTOTO.

11) [Tony4uTh CONEPKUMOE CYCTUMKA BBIXOIHBIX CCBUIOK IS JTAHHOM
BepimHbl (OutCnt).

12) Ecou OutCnt = 1, T.e. BepinHa He sABIseTcs KopHeM (101)aepeBa, Io-
JYYUTh BBIXOJHYIO CCBUIKY (MICHTH(HUKATOP BEPIIMHBI) H BBIIOJ-
HUTH Mepexo]] Ha war 4.

13) Ecniu uaeHTHUKATOP JAHHOW BEPUIMHBI OTCYTCTBYET B CIIMCKE KOP-
HEBBIX BEPIIWH, TOMECTUTh UICHTUPHUKATOP B CIIMCOK KOPHEBHIX BEp-
IIVH.

14) Naunmanu3upoBaTh HOMEP BIXOAHOW CChUTKH: | = 1.

15) Ecau i > OutCnt, To nepexon Ha mar 7.

16) [Tony4uTh 1-10 BBIXOJAHYIO CCBUIKY, T.€. HACHTU(DHUKATOP I-r0 MOTOMKA
JAHHOW BEPILMUHBI.
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17) [IpounTaTh 3amMcCh, KOTOPas OTHOCHTCS K BEPIIMHE, YKa3aHHOW BHI-
XOJHOU CCBUIKON (MICHTU(HUKATOP STOW BEPIIMHBI HCIONB3YEeTCS B
KaueCTBE KJTI0Ya IMOUCKa B (paiine paboueid Moienn).

18) [Tony4uuTh CONEPKUMOE CUYCTUMKA BBIXOIHBIX CCBUIOK JIJIS JTAHHOM
BepimHb (Cnt).

19) Ecim Cnt > 1, T.e. 3TO KOpHEBasi BEpIIMHA, TO TOMECTHTh UIACHTH(H-
KaTop 2TOW BEPIIUHBI B CIIMCOK UECHTH(PUKATOPOB KOPHEBBIX BEPIIHH.
WNHuade - nmepexona Ha mrar 21.

20) YBenuunuth HOMep (MHIEKC) BBIXOJHOM cchulki Ha 1, T.e. 1 =i+ 1, u
BBINOJIHUTD MEepexo]] Ha mar 15.

21) IMonyunTh HHPOPMAIIUIO O COCTOSIHUN BEPIIHHBI.

22) Eciin BepuinHa umeeT coctosiHue «IlaccuBHas» uan «[IpuoctaHoBie-
Ha», To nmepexo, Ha mar 20.

23) CmeHuTh cocTosiHue «JIOKambHO 3aBepllieHa» y BepinHb Ha «Ilac-
CHBHAas».

24) lonyunth uHDOpMAIMIO 00 OTBETCTBEHHOM HCIIOJIHHUTENE JTaHHON
MPOEKTHOM MPOUEAYpPHl U MOCJIAaTh €MY OMOBEHIEHUE O CMEHE COCTOS-
HUSI ¥ O IPUYUHE TOTO.

25) ITosty4uTh BBIXOJHYIO CCBIJIKY M BBITTOJHUTB MIEPEeXo 1 Ha miar 17.

Peanuzamus mMoaudumpoBaHHOTO WUTEPATUBHOTO alrOpUTMa OOECTICUH-
BA€T MOUCK BCEX MPOEKTHBIX MPOUEAYpP, Ha BXOJ KOTOPBIX MOCTYNUIU HEKOP-
PEKTHBIE MMPOEKTHBIE PEUICHUs, TPOBEPKY U CMEHY UX pabOYuX COCTOSAHMIL, pac-
CBUIKY COOTBETCTBYIOIIMX OMNOBEIICHUI OTBETCTBEHHBIM HCIIOTHUTEISAM 3ITUX
MPOEKTHBIX MPOLETYP.-

B cooTBeTCTBHM C pacHpeleieHHbIM XapaKTEpOM Ipolecca MPOEKTHPO-
BaHHS M JIOTHYECKOH 3Be3/1000pa3HON CTPYKTypol WHOOpPMAIMOHHON HHbpa-
cTpykTypsl B komiuiekcHOMl CAIIP peanu3oBaHa AByXypOBHEBas paclpeiesieH-
Has cuctema ynpasieHus (CVY), koTopas mpeacTaBicHa ICHTPAIbHONW U JIOKAJh-
HBIMU MOHUTOPHBIMHU CUCTEMaMH, KaK TOKa3aHo Ha puc. 3.12.

IMC ¢ynximonupyet Ha BoiaeneHHOW DBM, cBs3aHHOW CeTEBBHIM KaHa-
JIOM C COBOKYMHOCTHI0 APM, u BKIIIOYaeT B ce€0s1 KOMIIOHEHThI METOJIUYECKOTO,
JUHTBUCTUYECKOTO, MPOTPAMMHOTO ¥ MH(OPMAIITMOHHOTO 00eCTIeUeHHUsI, peau-
30BaHHBbIE B CIEAYIOUIMX MOJCHUCTEMAax: T€HEepaluu, Iuajora, perucTpaiu,
CIIpaBOYHOM, MH(POPMAIIMOHHOMN, YIPABICHUS, KOHTPOJIS, 3alUThI, B3aUMOJCH-
CTBUS U CBA3HU.

Kaxnmas JIMC, ¢yHKuMOHUpYyIOmas Ha MPOOIEMHO-OPUEHTUPOBAHHOM
APM, Takxke COIEpKUT MEPEUYUCICHHBIE IMOJCUCTEMBI, 3a HUCKIIOYEHUEM MOJ-
CUCTEMBI YIIpaBICHUSA U UHPOPMAIMOHHON MOJACUCTEMBI, U YIPABISIET pabOTOM
COOTBETCTBYIOILIEW MPOEKTUPYIOLIEHN TOICUCTEMBI.
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IIMC

1 t

l l

JIMC JMC JIMC JIMC
[Ipoextupyromas [Ipoextupytomas [Ipoextupyromas [Ipoextupyromas
noacucreMa 1 rnojcucrema 2 noacucreMa nN-1 HoJcucTeMa N

Puc.3.12. /lsyxypoenesas pacnpedenennas cucmema ynpagienus UHGopmayuonHoi
ungppacmpykmypoii komnaexkcnoiw CAIIP

Peanusanus KoHUENIMU pacrpeneI€eHHOM MOHUTOPHOW CUCTEMBI C JIOTH-
YeCKON 3Be371000pa3HON CTPYKTYpoMl 0O0ecrnedrMBaeT BO3MOXKHOCTb KOHTPOJIS
HHOOPMAIIMOHHBIX OOMEHOB MEXAY (YHKIIMOHATBHBIMHU MOJCUCTEMaMH, oOpa-
3YIOUIMMU KOMIUIEKCHYIO CpeAy MpoeKThupoBaHusA. COriacHO MpeayioKeHHON
KOHIIETIIIMY, HEMOCPEACTBEHHbIE OOMEHBI MEXy MOACUCTEMaMHU HE JOMYCKAOT-
csi. Bce nnpopmanmonnsie oOMensl koHTpoaupyroTes [IMC.

OOMeHBI MEXIy TMOJICUCTEMaMH BBHITIONHSIOTCS TOCPEACTBOM HH(pOpMAa-
LAOHHBIX CTPYKTYp KOHTEMHEPHOIO THUIA, COAEPKAIIUX MPOEKTHBIE PEIICHUS.
[lepenaya KOHTEWHEPOB C MPOEKTHBIMH PELMIEHUSIMU U3 MPOEKTHBIX MPOLERYP
(TIIT) B xpanwnwuine, oOecmeunBaecMoe HHbopManuonHo cucremoinn (HMC)
CAIIP, Bemonasiercs no ciaeayromei cxeme: I ® JIMC ® IMC ® MUC.
[Ipuem xourteitHepoB u3 xpaHunuma WMC BeimonHseTcss Mo 0OpaTHOM cxeMme:
NC® IIMC® JIMC ® IIII.

Bce oOmenbl koHTeiiHepamu B koMiiekcHoW CAIIP BwImonHsIOTCS € HC-
MOJIb30BAHUEM CIELHAIBHO pPa3padOTAaHHOIO CHUHXPOHHOTO MPOTOKOJIA TpH-
KJIaIHOTO YPOBHsI, KOTOPBIN ompenesseT Habop COrjalleHuid ¥ Mocjie 0BaTeNb-
HOCTh ONEpaIruii, peaau3yomux yKa3aHHbIE CXeMbl WH(POPMAIIMOHHBIX OOMe-
HOB. lloamepkka MNOMOOHBIX MPOTOKOJIOB 0OOECTIEYMBAECTCS MPOTrpaMMHBIMU
cpeactBamu, Bxoasmumu B coctaB JIMC, IMC u HUC.
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I'/IABA 4
MATEMATHYECKOE MOJAEJINPOBAHUE
BBICOKOYPOBHEBOI'O ITPOEKTUPOBAHUA CJIOKHBIX
KOPITYCHBIX MEBEJIbHBIX U3JIEJIMIA 1 AHCAMBJIEN

Kakx oTMeuanoce Bblllle, TpaAULMOHHAs MapagurMa TPOEKTHUPOBAHUS,
peanusoBaHHas B OoiblimHCTBE coBpeMeHHbIX CAIIP kopnycHoit mebenu, He
YUHUTBIBAET OCOOCHHOCTEN MO03aKa3HOTO IPOMBILUIEHHOTO NMPOU3BoACcTBa. OCHO-
BBIBASICh Ha WCIIOJb30BAaHUU IMOITHO(DOPMATHON TeoMeTpUYecKoi (4epTe:KHOI)
MOJIENIA, OHA HE CO3JAaEeT YCJIOBHH, CIIOCOOHBIX 00ECIEUYUTh NOJKHBII ypOBEHb
0e30M00YHOCTH pa3padaThIBAEMbIX MPOEKTOB U BBIIOJHEHHE ECTKOTO Bpe-
MEHHOTO perjiaMeHTa MPOEKTHBIX PadoT.

B otnuuue oT Hee, HOBas MapaJurMa aBTOMaTU3UPOBAHHOTO MPOEKTHPO-
BaHMS KOPIYCHOW MeOeI OPUEHTUPYETCSI Ha UCIIOJIb30BAHUE BBICOKOYPOBHEBO-
IO MpeACTaBICHUS 00bEKTA IPOEKTUPOBAHHUS, COCTOSILIETO U3 KOMILJIEKCA CTPYK-
TYPHBIX MOJEJIel, CpeIr KOTOPBhIX reoMeTpuuecKkas MOJENb - Ba)KHas, HO HE
€IMHCTBEHHAsl cocTaBisitomas. [loBeilieHne ypoBHS aOCTparupoBaHus MpU pas-
paboTKe MPOEKTA SIBJSAECTCS OJHUM U3 YCIOBHM 0€301MIMOO0YHOCTH MPOEKTUPOBA-
HUS CJIOKHBIX 00BEeKTOB. [Ipu 3TOM MOAroTOBKAa MOJENEH, MPEACTABISIOUIUX
MPOEKT, JOJKHA BBIMOJHATHCS C TMOMOIIBIO CIEHUAIU3UPOBAHHBIX MPOTPAMM-
HBIX CPEJCTB, YTO, B CBOIO OYEpE/lb, ABISIETCA MPEANOCHUIKON A1 00ecreueHus
BBICOKOI'0 KaueCcTBa MPOEKTUPOBAHUS.

B xone nmpoektupoBanusi komiuiekcHoit CAIIP kopmycHol mebenu HeoO-
XOJIMMO PELINUTH PsiFl BOIIPOCOB, CBSI3AHHBIX C pa3padOTKON MOJIeJel pa3IM4HOrO
Ha3HayeHus. Cpeau HUX, B YACTHOCTH, BBIJCISAIOTCS CIAEAYIOIINE BaKHBIE 3a]1a-
qu:

- MOJIeIMpOBaHHE OOBEKTOB MPOEKTUPOBAHUS;

- MOJIEJIMPOBAHKME U ONTUMHU3ALUS TIPOLIECCa MPOEKTUPOBAHUSA;

- MOJENHMPOBAHUE CUCTEMBI yIpaBlieHUs WH(QOpMaImoOHHON UH(}pacTpyk-

Typoit komriekcHoit CAIIP.

CognepxaTenbHas TMOCTAaHOBKA, MOIXOAbI K (QopManu3alvi W TIOUCKHU
MPAKTUYECKOT'0 PELICHUs] BTOPOM M TPEThEeH 3aJay - MPUMEHUTEIBHO K YCJIOBH-
SIM T103aKa3HOTO TMPOM3BOJCTBA - MPEACTABICHBI B IJ1aBaX 2 U 3 COOTBETCTBEH-
HO. B naHHOM riaBe paccCMOTpPEHbI BOMPOCHI MOJECIMPOBAHUSA OOBEKTOB, MpE-
crapisironux cinoxxkueie KMUA, ¢ ydeTom 0coOeHHOCTEN KOHCTPYKTOPCKOW M
TEXHOJIOTUYECKON MOATOTOBKHU MPOU3BOACTBA MEOEIBHBIX U3ICTUN.
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4.1. ICKM3HO-CTPYKTYPHOE H CTPYKTYPHO-aTPUOYTHUBHOE MOJEJIMPOBAHHE
00bexTOB npoexkTupoBanus B CAIIP kopnycHoii meben

Jlns moBbIlIeHUs KadecTBa mpoekthupoBaHus B cpeae CAIIP kopmycHoM
MeOen HeoOXOIMMO HCMOJIb30BaTh CTPYKTYpHBIE MOJEIU 00jee BBICOKOTO
YPOBHsI aOCTpaKIMK, YeM TPaAJUIIMOHHBIC, - ACKHU3HO-CTPYKTYPHYIO, CTPYKTYp-
HO-aTpHOyTHBHYIO U Tpado-aHamutudeckyro [60, 106, 118]. IlepeuuncieHnble
MOJeNH - WHpopmarmoHHas ocHoBa s popmupoBanuss OCAM oObekTa mpo-
eKTUpoBaHusA. [IpU 3TOM MOATrOTOBKA TAHHBIX MOJICJIEH BBIMIOJHACTCA C MpPUMeE-
HEHUEM KOMIUIeKca crnennann3upoBadHbix ATIP, Bxoasmmx B cocTaB MOJCHUC-
TEMbl 3CKHU3HOTO MPOCKTUPOBAHUS W YIPABISIEMBIX MPOTPAMMOKM-MOHHUTOPOM

[63, 64, 70].

4.1.1. ICKM3HO-CTPYKTYPHOE ONHCAHNE 00bEKTA NPOEKTUPOBAHMS

DCKU3HO-CTPYKTYPHOE ONMHCAHUE 00BEKTA MPOCKTHUPOBAHUS OCHOBHIBACT-
Csl Ha CHUCTeMe KIIaCCH(HKAIMKU KOPITYCHOW MeOenn W ee dJIeMEHTOB U obecre-
YMBACT YKPYIHCHHOE KOOPJIMHATHOE MPEICTaBICHHE MeOCITbHOW KOHCTPYKIIHH.
Jlns uneHTU(QUKAIIMHA DJIEMEHTOB 3TOW KOHCTPYKIIMH UCIIOIB3YETCS CHUCTEMA CO-
MOTYMHCHHBIX TMOHATHH (YpOBHEH), ¢ MOMOIIBI0 KOTOPBIX CTPYKTYpY JHO0OM
MeOETbHOM KOHCTPYKIIMM MOJYJIBHOTO THIIA MOXKHO NPEJCTaBUTh B BUJE ILIa-
HapHOTO Tpada (cM. BeIlIe puc. 2.25), Kaxaas BEpIIMHA KOTOPOTO OTHOCHTCS K
oIHOMY M3 4eTbipeXx ypoBHel: uznenus (F), cexuii (S), 6:110koB (B) nnum neraneit
(D) [89].

B TepMHHAX TEOPUM MHOXECTB NPEICTABICHHE IIAHAPHOTO Tpad)a MOKHO
3amMcaTh B BUJC COBOKYITHOCTH cieayronux cootHomenuii [107, 118]:

F=SUD" (4.1)

s=uUs, s:(ﬁjejgugﬂwkg; 4.2)
i=1 ejsl g €k= (4]

B=U8, 8 =800, U&D.¢ (43)
i=1 sl @ €= 4

DUD'={d,,d,,...d }, D1 D'=£&, (4.4)

rae S- MHOYECTBO CEeKIMi B u3nennu F;
B - MHOXeCTBO OJIOKOB;
D' - MHOXeCTBO AeTaliel, HE BXOIAIIMUX B COCTAaB OJIOKOB;
D - MHOXECTBO JeTajiel, BXOIAIINX B COCTaB OJIOKOB;
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di - nmeranp, aBugromasics dieMeHToM MHOXectBa D uin D',

Ha puc. 4.1 npeacraBiieH 3CKu3 KOPIyCHOTo MeOenbHOoro usnenus (Habo-
pa), CTPYKTYpy KOTOPOTO MOXKHO TPEJCTaBUTh ¢ MOMOIIBIO IJIaHApHOTO Tpada,
onucanHoro cootHourenusmu (4.1) - (4.4). Jlns 370r0 HEOOXOAMMO BBITOJHUTH
pa3buenue mebeapHOl KoHCTpyKIuHU (F) Ha cocTaBistolIKe, BOCIOIb30BABIINCH
B JIAHHOM CJly4ae JIBYMs MapaMu CEKYIIUX IUIOCKOCTEW: TOPU30HTAIBHBIX (O,
02) ¥ BepTHKAIBHBIX (V1, Vo). OHA M3 ABYX Map IUIOCKOCTEH MOXET OBITh BBI-
OpaHa B KauecTBE CEKyUIUX AJisi (OPMUPOBAHUS BTOPOTO YpPOBHs rpada, mpea-
cTaBistolero cekiuu (S) MmebenpbHOro u3aenus. Eciu BeIOpaTh TOPU30OHTATIBHBIC
cekymue ImIockocth (g1, Gz), To GopMUpyeTCs BTOPOW YpoBeHb (S-ypOBEHB),

BKIIOYaronmii HwkHIow (S), Bepxuioto (S,) u antpeconbyto (S,) cekuuu. B
CBOIO O4Yepejib, BHIOOP BEPTHKAIBHBIX CEKYIIUX IUIOCKOCTEH (Vi, Vo) obecrieun-
BaeT (popMUpOBaHUE S-ypoBHs, KOTOPHIH o6pasyercs nesoii (S ), cpenneii (S,)

¥ nIpaBoii ( S;) cexusamu.

_____
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Puc. 4.1. Dckus kopnycnozo medenvnozo uzdenusn (Havopa)

[Tocne TOTO Kak BBITOJHEHO (POPMUPOBAHHE S YPOBHS C MCIOJIb30BAHHEM
napbl CEKYIIMX IUIOCKOCTEH, Ipyras mapa UCIOIb3YeTCs I ICKOMIIO3UIIUU €T0
Ha cocrapistonue Oyoku, win O0okcwl (B-yposensn). IIpu 3TOM HeoOxoaumo
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MMETh B BHJY, YTO B COCTaBEe MEOCITbHOM KOHCTPYKIIMH MOYKHO BBIJICIUTD JCTa-
mu (D'), xoTopeie HENb3s CBA3aTh TOJBKO C OJHOW CeKiued miau Osokom. Ha-
IpUMED, JJIs MPEJCTABICHHOIO0 MeOenbHOTo m3aenus (Habopa) Takod IeTalbio
SIBJISICTCS 3aJIHSSL CTEHKA, KOTOPasi MOKET ObITh BHIMIOJHEHA JTUOO U3 1EJI0TO JIKC-
ta JamuHupoBanHoi JIBII, mnbo u3 Tpex oTAeNbHBIX ero ¢bparMeHToB (IO Of-
HOMY JUISL Ka)KJIOM M3 CEKIIHA).

Jlornueckas cTpykTypa 0J0Ka, KaK OTMEUYaJIOCh paHee, ONpeaessieTcs pe-
KYPCHUBHO, B BHJI€ COBOKYITHOCTH JieTajed, OJIOKOB U CTaHJIAPTHBIX 010KOB. [Ipu
9TOM MEpPBbIE JIBa BHJa OOBEKTOB HMEpaApXUU M3JCIHS pacCMaTPUBAIOTCS Kak
eIMHOE IIeJ0e Ha JaHHOM ypoBHe (B-ypoBHe), HO s HUX MpeJnoJiaraercs
najdbHeHIas AeKoMno3uius. B otinumne oT HUX, CTaHJAPTHBIM OJIOK MpecTaB-
J9€T cCOOOM HEAeTMMOe U3/CNINE - ¢ TOYKHU 3pEHUS OOBEKTHOTO MPEeACTaBICHUS
MOJICITH, HE IOMyCKarollee AaJbHEHIeH ICKOMIO3UIMKM MO (U3UYSCKUM HIIH
JIOTMYECKUM TpuYrHaM. B MeOeabHOM MPOU3BOJICTBE B KAUECTBE CTaHIAPTHBIX
0JIOKOB 4acCTO BBICTYIAIOT KOMIUIEKTYIOIIME U3/ICJIHS, 3aKylaeMble Y CTOPOHHHUX
mpou3BoauTeNel (HampuMmep, BCTpamBaeMasi ObITOBAas TEXHUKA ISl KyXOHHOM
MeOeIH).

ITocne dbopmupoBanus B-ypoBHS BBITOJHSAETCS JEKOMITO3HMIUS KaXKI0TO
13 ero OJIOKOB; COCTaBJISIIOIIME UX JIeTalu, BXOJSIIME B COCTaB MHOXecTBa D,
COBMECTHO ¢ MHOXkecTBoM D' oOpasyior momHoe MHOkecTtBo aeraneid { d.}

KOPIYCHOT'O MEOETLHOTO U3/ACIIHS.

Oco0Oyto poib B Ipoliecce U3rOTOBICHUS TPEAMETOB MEOEIH UTPAOT dJie-
MEHTBI CONpPSIKEHHUs, 00eCHeUnBaIONINE HAJEKHOE COCIMHEHUE BCEX HeTayeil
KOHCTPYKIIMU U OMpPEAesIone B OOJbIION CTENEHU €€ JOJIr0BeYHOCTh. O000-
IICHHOE TIPEJICTABIICHHUE Y3JI0B COMPSHKCHUS B ACKU3HON MOJEIH KOPIyCHOTO
MeOENIBbHOTO M3/IeNns ONMHUCaHo B TyaBe 2. Ha ypoBHE A3CKH3HOTO MPOEKTa y3e
COTIPSDKEHUS TPEACTaBISIETCS aOCTPAKTHBIM MOHSATHEM, BKIIOYAIOIINM B cels
KOMOMHAIIMIO CONPSITaeMbIX MAHEJICH U KPEIEe)KHBIX JIEMEHTOB (CM. BBIIIE PHC.
2.26). [Tocnennue, B CBOIO O4Yepe.ib, OMUCHIBAIOTCS KaK 000OIICHHBIE OTBEPCTHUS
(puc. 2.27).

[TocTpoeHne H3CKU3HO-CTPYKTYPHOW MOJEIN BBITIOJHIETCS Ha OPTOro-
HAIBHBIX ((PpPOHTATBHBIX, TMPOPWIBHBIX M TOPU3OHTAIBHBIX) MPOCKIMSIX, WIH
Bugax. Cpeau HUX BBIICISIOT OCHOBHBIC BHIBI (CIiepenu, CleBa U CBEpPXY) U
BCIoMorartenbHble (c3aau, crnpaBa u cHu3y). COop WMHpOpPMAIUU YIS MOJIEITH
MeOENbHOM KOHCTPYKIIMU BBIMONHIETCS C TOMOIIBI0 TaOIUYHO-TpadUIecKux
PEAAKTOPOB, MO3BOJSIONMX HACHTH(GUIMPOBATH NETATN W3IETHUs, ONPEACNATh
IUIA HUX TaOapuTHBIE pa3Mephl U MpeAe/ibHbIC 3HAUCHUs, 00eCeYnBaTh MPHUBSI3-
Ky KaXJOW JeTalud B MOJEIU C MOMOIIBI0 YKA3aHHS MX ICKU3HBIX KOOPAHMHAT,
3aJaBaTh BUJ MaTepuaa Ui Kaxaoi aeranu u T.1. [67, 68].
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4.1.2. T'pado-aHanuTHYeCKOE ONIMCAHUE 00HEKTA MPOEKTUPOBAHUS

C mo0siM MeOenbHbIM 00bekTOM (F, S, B mnu D) comocraBiseTcs psa
OCHOBHBIX CBOWCTB (aTpHOyTOB), KaXJ0€ W3 KOTOPHIX MOKHO OTHECTH K OJIHOM
U3 CIEYIOIIUX IBYX TPYII: aTpuOyThl 00beKTa (mapamMeTpbl MeOCIbHOM KOHCT-
PYKIIMHM) ¥ OTHOMICHUS (B3aMMOCBSI3M) MEXIy oObekTamMu. [lonHOE 3CKU3HOE
onucaHue MeOeIbHOTO M3JIEHsI, MOMUMO yKa3aHHUs COCTABHBIX 3JICMEHTOB M WX
OCHOBHBIX CBOMCTB, TpeOyeT TakKe 3aJaHusl OTHOIIEHUU Mexay Humu. C yde-
TOM CHCHH(PUKA KOHCTPYUPOBAHHS KOPIYCHOW MEOEH BBIJIEICHBI CIICIYIONIHEC
OTHOIIICHHS MEK/y 3JI€MEHTAMH: BJIOKEHHOCTH, WM TipuHaiesxnoctH (1 ), BbI-
paBauBanus (°), mponopruonansHocTH (, ), cumMerpuu (E|E), 3epkampHOCTH
(E|l ), conpsxenns (« ).

JInst omucaHUsl Pa3jUYHbIX THIIOB OTHOIICHUW MEXIy 3JIEMEHTAMHU Me-
OCIBbHOTO W3MIEIHS MOXET OBITh MCIIOJIh30BaH CTPYKTYPUPOBAHHBIN XpOMaTHYC-
ckuil (LIBETHOM) rpad ¢ mapauieIbHbIMUA peOpamu:

G(V,E)=G,UG,UG,UG, UG,, UG,. (4.5

Kaxapiii u3 moarpados, BKIFOYEHHBIX B HET0, UMEET OJMHAKOBOE KOJIH-
YEeCTBO BEPIUIMH M PA3IMYHOE KOJUYECTBOM pedep, OTpa’kalolMX CBOWCTBA ac-
conuanui (OTHOIIEHUH), MPUCYIIUX TaHHOMY TToArpady:

Gy (V. Ey):Ga(V,EL) Gs(V. Es); G (V. E ). Gy (V. E )i Ge (V. E) . (4.6)

rae E, —MHOXeCTBO OTHOIIEHUN BIOKEHHOCTH;
E, — OTHOIIEHNI BEIpaBHUBAHUS,
E — oTHOmIEHNH cHMMeTpHU;
E, —oTHOmIEHMI conpsKeHNs,
E,, —OTHOLIEHUH 3epKAIIBHOCTH;
E. — oTHOIIEHNII TPONOPIUOHATILHOCTH.

Ha puc. 4.2 npuBener gparMeHT CTPYKTYPHUPOBAHHOTO XPOMATHUYECKOTO
(pasHouBeTHOro0) rpada, MpPeACTABISAIONIAN 1Ba YPOBHS OIMHCAHUS MOIYJIbHON
MebOenpHOM KoHCTpYKIuu (F), acku3 koTopoii mokazan Ha puc. 4.1. Jlekommo3u-
1IUs TaHHOM KOHCTPYKIIMH, COCTOSINEH U3 TpeX cekuuii (S, S u S3), BeIoNIHEHA

C MCTOJIb30BaHUEM BEPTHKAIBHBIX CEKYIIUX TUIOCKOCTEH (V1, Vo). B maHHOM ciy-
Yae B KAYeCTBE OTHONICHHI MEXIYy YPOBHSIMH MOJICIA YKa3aHbI MPUHAIICK-
Hoctb ceximit m3gemmio (S1 F), compsokenne cexumii (S« S) u (S« %),
a TaxoKe 3epKanbHOE TIOJIOKEHNE JIeBOil U TIpaBoi cexnuit koHcTpyKuun (S E|l

S3). OueBUIHO, YTO UCTIOIB30BaHUE TOPU3OHTAIBHBIX TUIOCKOCTEH (J1, §p) B Ka-
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YeCTBE CEKYIIUX MPHU MOCTPOCHUU S YPOBHS HEPAPXUU MOJEIH CYIIECTBEHHO
MEHSET TOTIOJIOTHIO OTHOIIIEHUH B rpade.

I[Beta B rpade UCMONB3YIOTCS HE TOJBKO IJISi TOTO, YTOOBI MPEICTABUTH
Hepapxuio 00bEKTOB, CTPYNIUPOBAHHBIX MO YPOBHIM; OHH TaK)Ke MPUMEHSIOTCS
IUIA OKpacku pedep rpada, 3a7ar0mux pa3audHble OTHOIICHUS MEXKIy 3JIeMEH-
TaMU OJTHOTO WJIM Pa3HbIX YPOBHEH HepapXuu.

Puc.4.2. @pazmenm cmpyKmypuposanno20 XpomMamuiecKozo zpaga, Onucvleaouie2o
MebebHyI0 KOHCIPYKYUIO

[IpencraBieHHas Boile GopmMa OMUCAHUS CTPYKTYPBI 00BEKTa, KOMOUHU-
pytomas rpaduueckue (rpad) ¥ JIMHTBUCTHYECCKUE (CHCIMATBHBIN S3BIK, 000-
3HAYAIOUIMH OTHOIICHUS MEXIY DJIEMEHTaMU 00bEKTa) BO3MOXKHOCTH, TIOJTydrIa
Ha3BaHUE Tpado-aHATUTHISCKOTO onucanus [ 76].

Jlns rpad0o-aHATUTHYECKOTO OIMMCAHUS JIETKO PEaTH3yIOTCS MAllMHHBIC
anroput™Mbel o0paboTku. M3BECTHO, UTO AJIsI KOMIBIOTEPHON pealn3aliu ajiro-
PUTMOB paboTHI ¢ TpadaMu yA0OHO HMCIIOIH30BaTh MATPHIIBI CMEKHOCTH U WH-
muaentHocT [119, 120]. Marpuneit cmexnoct A(G) rpada G(V, E) ¢ n Bep-
IIMHAMU HAa3bIBACTCS KBaJpaTHAs MATpHUIla MOPSIKa N, B KOTOPOH SJIEMEHTHI,
CTOSIIIME HA MEPECCUCHUU |- CTPOKHU H |-TO CTOJIOIA, YHCICHHO PaBHBI KOJUYE-
CTBY peOep, COCIUHSIOMMX BEePIIMHBI | U |. OUEeBUIHO, B MATPUIIE CMEKHOCTH
mo6oro rpada coaepkutcs Bcsi HHPOpPMAIIUS O €T0 CTPYKTYpe.

Martpuneit uanuaeataoctu B(G) rpada G(V, E) HassiBaeTcs marpuiia C m
BEpIIMHAMU U N qyraMu (OpUEHTUPOBAHHBIMHU peOpaMu), 3HAUCHHE JICMEHTOB
bij KoTopoil onpenenAOTCA ClIeIyIOIHM 00pa3oM:
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11, ecnui - 5 6epuuna aensemes nauanom | - i oyeu,
| , .

b, =i- Lecwi- aeepuuna asisemecs xonyom j - i dyau,
10, ecrui - 5 6epuunau j - s 0yea ne unyudenmuui.

Ecnu i-1 BepumHa SBISICTCS] OJJHOBPEMEHHO M HAYaJIOM U KOHIIOM |-U Ay-
ry, T.e. |- Iyra oOpa3yeT MeTI0, TO B KauecTBE 3HAU€HUs dIeMeHTa by MaTpuib!
uHIAeHTHOCTH B(G) MOXHO HCIONIB30BaTh JI000€ IPYyroe 3HaYeHHUE, HAIPH-
Mmep, 2.

Kaxxmoe n3 BBeICHHBIX BBINIE OTHOMICHUN MEXY AJIE€MEHTAMU KOHCTPYK-
MU MEOENBHOTO M3JCNNS MOXHO TNPEJICTABUTh B BHJE KBAIPATHOW MATPHIIHI,
YCIOBHO Ha3bIBA€MOW MaTpHUIlel OTHOIICHUs (HampuMmep, MaTpHUIla OTHOIICHHUSI
BJIOKCHHOCTH, OTHOIICHHWS BBIPABHMBAHUSA W T.1.). Takasg marpuia moaoOHa
MaTpulle CMEXHOCTH, T.€. B JIF0OOH ee MO3UINK 3aUcaHo yucioBoe 3HadeHue: 0
wii 1 - B 3aBUCMMOCTH OT BBITIOJTHEHHSI COOTBETCTBYIOIIETO OTHOMICHUS MEXKITY
anemeHTamMu. Cama MaTpulla CMEKHOCTH CUUTAETCS OCHOBHOM, MOCKOJBKY OHA
onpeenseT Tononoruto rpada. [lpu 3ToM HEOOXOAUMO UMETH B BUIY BO3MOXK-
HOE€ YCJIOKHEHHE IMPOrpaMMHOM peain3alli aJlfOPUTMOB 00pabOTKH COBOKYII-
HOCTH CEMAaHTHUYECKU CBSI3aHHBIX, HO CTPYKTYPHO pa3AelbHBIX MATpPHUII, OMHUCHI-
BAaIOIIUX PA3JIUYHBIC OTHOIICHHS (B TAHHOM CIIydae - MIECTh BUIOB OTHOIICHUH)
MEX1y dJIEMEHTaMH MeOeIbHOr0 00bEKTa.

Psin oTHOWmIEHWH, IpeACTaBICHHBIX B Tpade omucaHus MeOeIbHOM KOHCT-
pykuuu (4.5), XapakTepu3yeT Kak B3aUMOCBSI3U MEXIY Pa3IMIHBIMU dJICMEHTA-
MU, TaK ¥ CBOMCTBA OTJEIHHO B3SITHIX 3JI€MEHTOB. K HUM OTHOCSTCS OTHOIICHHUSI
MPOMOPIIMOHAIBHOCTH, CAMMETPUHU U 3€pKaTbHOCTU. TaKoW TUII CBOMCTB BBIJE-
JSeTCSs B OTACIBHYIO TPYIIy, TIOJYYUBIIYIO Ha3BaHHE acCCOIMATUBHO-
aTpUOYTUBHBIX CBOMCTB MOJICIH OMUCAHUS MEOCTBLHOM KOHCTPYKITHH [ 76].

[Tpu pemenun 3agauu 06xoja rpada c 1eabio OTHICKAaHUS BEPIIUH, 00Ja-
JAFOIINX 33JJaHHBIMH CBOMCTBAMHU W/WJIM OTHOUICHHSIMH, BAXKHBIM OKa3bIBACTCSI
CBOMCTBO €ro CTPYKTYpUPOBAHHOCTH, T.€. BO3MOXKHOCTHh pa3jelieHus rpada Ha
psaa noarpagos (4.6). Takum oOpa3om, rpad MOXKHO MPEACTABUTH B BUAEC HaA0O-
pa cloeB, B KaXJIOM U3 KOTOPBIX OTPaKaeTCsl KOHKPETHBIM TUIT OTHOILIIEHUN Me-
KOy ero BepmmHamu. @OpMUPOBAHKE CJIOEB BBHITIONHAETCS B MpOIlecce MOAro-
TOBKH 3CKHU3HO-CTPYKTYpHOU Monenu. jis XpaHeHHs JaHHBIX O CTPYKTYpe Kaxk-
JIOTO CJIOSt UCTIONIB3YIOTCS MATPHUIIBI COOTBETCTBYIOIUX OTHOIICHHH.

4.1.3. CTPYKTYpHO-aTPUOYTHBHOE ONUCAHNE 00bEKTA
NPOEeKTHUPOBAHHUSA

TpamuunoHHBIM MaTeMaTUYECKHH ammapar Teopuu rpadoB HE obecreun-
BaeT CPE/ICTB OJJHOBPEMEHHOTO OMHUCAHMs U cocTaBa rpada, T.e. ero TOMOJIOTHH,
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1 pa3HOOOpa3HbIX CBOMCTB €ro BepuiMH U pedep. Kak mpaBuio, ais 3Tou 1eiaun
UCIIONB3YETCS Pl MapaJuleIbHbIX CTPYKTYP, OJHA U3 KOTOPBIX, OCHOBHAs, OIU-
ChIBaCT TOMOJOTHIO Tpada, a APyrue - pa3jIudHble CBOMCTBA €0 AJIEMEHTOB H
OTHOIICHUM MEXIy HUMU.

CTtpyKTypHO-aTpUOYTHUBHOE OMHUCAHUE MEOEIBbHOI0 M3JeNUsl PacCUIUpsET
BBEJICHHOE BHINIE MOHATHE XPOMAaTUUECKOTO Tpada, AOMOIHSIS MHOXKECTBO €ro
OKpalleHHBIX pedep OKpallleHHbIMU NeTisiMu. Kaxknas netTns, s KoTopol o-
Ha U Ta K€ BEpIIHUHA SBJISIETCS OJHOBPEMEHHO U BXOJIHOW M BBIXOJHOM, Mpen-
CTaBIIIET KAKOW-TMOO BHEHIHWUW aTpUOyT d3JeMeHTa. PaznmuuaroT cieayroime
BHEIIHHE aTPUOYThI: reoMeTpUYecKue (MPUBS3Ka DJIEMEHTOB CTPYKTYPHI, MpH-
BsI3Ka K y3JlaM CETKH, OPUEHTAIUSl 3JIEMEHTOB CTPYKTYpPbI, IPOCTAHOBKA pa3me-
POB), MaTepua, TEKCTypa, BET, YUCTOTa 0OPaOOTKH, MOKPBITHE U JIPYTHUE.

[Ipu pemeHun 3agauM BbIOOpAa U KCMOJB30BAHUS aJI€KBATHBIX CPEACTB
($hopManu30BaHHOTO CTPYKTYPHO-aTPUOYTUBHOTO OMMCAHHUS MOXKHO OOpaTHUTHCS
K MaTeMaTHYeCKOMY ammapary MOJTUXPOMATHYECKUX (MHOTOIIBETHBIX) MHO-
XKEeCTB U rpadoB, pazpabaTsiBaeMOMYy Ha TPOTSHIKEHUU psAaa JeT A.T.H., mpod.
B.B. I1aBnoBeiMm (MI'TY «Ctankua», r. MOCKBa) U pacHIMPSIONIEMY BO3MOXKHO-
CTH TPAJUIIMOHHONW Teopuu TpadoB B 00JaCTH MOJETUPOBAHHS CIIOKHBIX CHC-
Tem [95].

[Monmuxpomarudeckuit rpad), B OTIWYHE OT XPOMATHYECKOTO, MO3BOJISET
OJTHOBPEMEHHO PAaCKPAaCHUTh JIFOOYIO OTACIBbHYIO BEpIIMHY H/iim pedpo B He-
CKOJIbKO 1BETOB. Ilpy 3TOM ompeneneHHOMY LBETY CTAaBUTCS B COOTBETCTBUE
KOHKPETHOE CBOMCTBO (aTpuOyT) MOIEIMPYEMOTO OOBEKTA.

B ocHoBe TeopuM MOIMXPOMATHUECKUX TpadoB JCKUT TMOHSATHE TOJIH-
XpoMaTH4YeCKOro MHoxkecTBa (/1S), KOTOpoe ompeaesercs CIeaylolnel Tpoii-
KO

115= (A F(A),{F(a),i=1r}), (47
rae A- MHOECTBO 3JIEMEHTOB &, | =1,N;

F(a) - MHOXECTBO I[BETOB, B KOTOPBIE PacKpalleH OTACIBbHBIA DJIEMEHT &;
(Tak Ha3pIBaeMas MepCcoHaIbHAs pacKpacKka 3TOro 3JCMEHTA);

F(A) - MHOXXECTBO BCEX LIBETOB M3 IEPCOHAIBHBIX PACKPACOK 3JIEMEHTOB H
LIBETOB caMoro //S-MHOkeCTBa Kak 00beKTa A B IIEJIOM.

MynstumuoxectBo {F(a),i =1,n} ynoOHO mpencraBisiTh B BuAE Oyie-
BOI MaTPHIIbI IEPCOHATBHBIX PACKPACOK DJIEMEHTOB /IS-MHOKECTBA!

e =[A" F(A), 48)
1, ecru FjT F(a),
0,

i
rae C,J- =1
1Y, 6 npomuenom ciyuqae.
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[Tpu ucnonb3oBanuu OyneBoit marpuibl (4.8) /IS MHOXKECTBO ONpeaes-
€TCs CIEAYIOIIEN TPOMKOM:
IIS=(A F(A),[A" F(A)D. (4.9
[Monuxpomaruueckuit rpad [1G = (/1S,, [IS;) cOCTOUT U3 MOIUXPOMATH-
YECKOTO MHOXECTBA /ISy BEpPIIMH U MOJIMXPOMATHUYECKOTO MHOXeCTBa [1X: pe-
oep. 1o coctaBy KOMIOHEHTOB //S\-MHOKECTBO COOTBETCTBYET //S-MHOXKECTBY
(4.7); [I1S-MHOXECTBO UMEET aHAJOTUYHBIN COCTAaB KOMITOHCHTOB.
C ucnosp30BaHUEM MTOKOMIIOHEHTHO 3anucu [/G-rpad, yuutsiBas (4.7) u
(4.9), onpe nensieTcs CACAYIOMICH IIECTEPKON DIEMEHTOB:
IIG = (AC,F(A),F(C),[A” F(ALIC” F(O), (4.10)
rae C - MHOXeCTBO pebep;
F(C) - MHOXECTBO IIBETOB MEPCOHATBHBIX PACKPACOK OTACIBHBIX pedep u
uBeToB MHOKecTBa C B 1iesioMm;
[C” F(C)] - OyneBa matpuiia epcOHAIBHBIX paCKpacok pedep, o Ha3Ha-
YCHHIO aHAJIOTUYHAs OyJeBOW MaTpuIle:

o =lc” F)l. (4.12)

[Tpu sTOM cnenyeT UMETh B BUAY, 4TO Bce omnepanuu Han [/G-rpadamu, a
TaK)Ke MOCTPOCHUE MApIIPYTOB, LENEH, MyTel U Apyrue AeUCTBUS OTINYAIOTCS
OT aHAJIOTMYHBIX JEUCTBUH ¢ OOBIKHOBEHHBIMH TpadaMu, TOCKOIBKY 3/1eCh Ha-
KJIaJIbIBAIOTCSI OCOOEHHOCTH, CBA3AHHBIE C PACKPACKOW BEPIIMH U pedep.

dopmanbsubie npenctasiacHus (4.1)- (4.6) u (4.7)- (4.10) moryT ObIThH HC-
MOJIb30BaHbI TP aHAIN3€ O0OBEKTOB MPOEKTUPOBAHUSA C IEIbI0 (OPMHUPOBAHMUS
0006mennon monenun KMUA u nocneayromero airopuTMHYECKOro KOHTPOJIS
KOPPEKTHOCTH BBIMOJHIEMBIX MPOEKTHBIX ONEpaluid B CHELHUATIU3UPOBAHHOM
CAIIP xopmycHoOl MebOenu.

Takum 00pa3zoM, pacCMOTPEHHBIE BBIIIE MOHATHS XPOMATHYECKOTO U TO-
JTUXPOMATHYECKOTO TpaoB, a TakkKe CBA3aHHBIC C HUMH OTHOIICHHS W Olepa-
IMA 00EeCreyrBaIOT aJC€KBAaTHBIM MAaTEeMAaTHUYECKUMH ammapaTr ajs pa3paboTKu
($hopManru30BaHHOTO TMOAX0/a K MOJCIUPOBAHUIO AUCKPETHBIX CHUCTEM pa3ind-
Ho# mpupoabl. Ero ucnonb3zoBanue B cocraBe komiiekcHot CAIIP kopmycHoit
MeOenr MO3BOJISIET CYHIECTBEHHO PACIIMPUTh BO3MOXKHOCTH CTPYKTYPHOT'O MO-
JENUPOBaHUA O0OBEKTOB U MPOLECCOB MPOESKTUPOBAHUS.

4.2. CTPYKTYpHO-aTPUOYTHBHOE MO/IeTUPOBAHIE B CHCTEMe
TEXHOJIOTHYEeCKOH MOATr0TOBKH NMPOU3BOACTBA

OOBEKTHOE CTPYKTYpHO-aTpUOYTHBHOE MOJICIUPOBAHUE B CHUCTEME TEX-
HOJIOTUYECKON MOATOTOBKU IT03aKa3HOTO MPOMBIIIIEHHOTO MPOU3BOACTBA KOP-
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MyCHOM MeOeNu mpearnoaaraeT nepexoa kK 001ee BBICOKUM YPOBHSM aOCTpaKIIUU
B MPEJCTaBICHUU OOBEKTOB MPOEKTUPOBAHUS MPHU OOECIIEUYEHUH TECHON HHTE-
Tpalliy C ATaroM KOHCTpyHpoBaHus. OCHOBHON 00beM MCXOMHOU HHGPOPMAIIHH,
HEO0OXOIMMOM JJI pelIeHUs 3a/1a4 TEXHOJIOTMYECKOM MOArOTOBKH MPOU3BOJICTBA
KMUA, dopmupyercss B KOHCTPYKTOPCKOUM TMOACHCTEME, BBIXOJHOU MH(pOpMa-
nueit koropoit siBasgercas OCAM. Ee MOXXHO MpeAcTaBUTh CIEIyIOIIel YeTBep-
Ko# kommoHeHTOoB [89]:
<G, S U, K> (4.12)

rae G —reoMeTpudeckas MOJEb U3CIHS,

S— cTpyKTypHO-aTpuOyTUBHAS MOJCIb U3ICIIHS,

U — Mozenb y3JI0B COMPSKEHUsS, (PUKCUPYIONTUX dJIEMEHTH U OJIOKH B CO-
CTaBE U3AEus,;

K — cucrema KTTO, onpenensitomas cTeeHb CBOOOAbI TEUCTBUHN ClieIra-

JIUCTA IPU PEUHKUHUPUHTE U3ACIIHS.

s pemienus 6onbimHcTBa 3a1a4 TIIIT Ha G6oJiee BBICOKOM ypoBHE a0CT-
paKiuy, 4eM B CYHIECTBYIOUIMX CHCTEMaX, HEOOXOJUMO BBINOJHATH KCIOPT
MOJIEIA B TE€XHOJOTMYECKYIO IMOJCUCTEMY €HIE 0 INepexojia B IMPOCTPAHCTBO
WCIIOTHUTEIbHBIX KOOPJIMHAT, T.€. HA YPOBHE padOThl C 3CKU3HBIMU KOOpAHHA-
TaMHU MOJEIU. DTO JAaeT BO3MOXKHOCTh PEUH)XMHUPUHTA HOMEHKIJIATYPHOIO psifa
KMHA B yciaoBusX aBTOMATUYECKOW peann3auuu TpeOOBAHUN TEXHOJIOTHUYE-
CKOT 0 ITpolecca.

Kak ormeuanocsk Beiiie, OCAM sBisieTcsi 00beITUHEHUEM TPEX MOJICIICH:
ACKU3HO-CTPYKTYPHOU, CTPYKTYpPHO-aTpUOYyTHBHON U rpado-aHATUTHIECKOMH,
KOTOpBIE O0ECIeUYMBAIOT HEOOXOAMMBIA WH(POPMAIMOHHBIA KOHTHUHYYyM [66].
OT0 00beIMHEHNUE MOXKET OBITh HpeI[CTaBJIeHO CJeYIOIMUM 00pa3oMm:

s Fmuwm 9 3%
— ~ \Op = 20 0
M....=80(@ E9) %LU US, EUUR: LR %=1, 22800k,.
= a9 g=1k=1j=1 = g‘lj‘l - 6‘11‘1 —1 ﬂ 61j=1k=1
r g r g
(4.13)

rae N — konmdecTBo reoMmerpuueckux 3nmemMenToB KMUA,;

M — KONMYECTBO YpOBHEH HEpapXMUE€CKOW AEKOMIIO3ULIUU OOBEKTa MPOEK-

THUPOBAHHS,

L; — MOIIHOCTh MHOECTBA CTPYKTYPHBIX 3JIEMEHTOB |-TO YPOBHS JEKOMIIO-

€370005178

P — KoJIMYecTBO BHEUIHUX CTPYKTYpPHO-COIPSDKEHHBIX CBSI3€dH OOBEKTa B

pamkax moaenu KMUA;

0 ={9°,0°,0'} — Bektop reomerpuueckux mapaMmeTpoB i-ro dJIEMEHTa,
BKJIIOUAIOIIUI B ce0s rabapuTHBIE apaMeTPhl, KOOPAUHATEI XapaKTepUCTHU-
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YCCKHX TOYCK MMapaMCTPHUUCCKHUX KPHBBIX, 3aJar0IIUX CI)OpMy I[GTaJ'IGﬁ Hu 1ia-
paMETphI BU3yalIn3allii COOTBETCTBCHHO,

—fof ok :
s ={s',S",S} — BEKTOp CTPYKTYPHBIX MAPAMETPOB i-TO DIEMEHTA, COCTOS-
MUX U3 QYHKIIMOHAIBHBIX, KOHCTPYKTHBHBIX U TEXHOJOTHYECKHUX IapamMeT-
POB COOTBETCTBEHHO;

S— BexTop cBaA3eit K-To CTPyKTypHOTO 31€MEHTA i-r0 YPOBHS JEKOMIIO3H-

II1UU C 3JICMCHTaAMU APYIrux ypOBHeﬁ;
F 1

i Fii. — BHYTPEHHUE CONPSKEHUS JIEMEHTOB OOBEKTa MPOCKTUPOBAHUSA,
OTHOCSIIIIUXCST K Pa3HBIM UEPAPXUUESCKUM YPOBHSAM 00BbeKTa (compsikeHus 1-
ro THMA) U K Pa3JInYHBIM 3JIEMEHTaM OJTHOTO MEPApXHUECKOTO YPOBHS (cCO-
NPSDKCHUS 2-TO THIIA) COOTBETCTBEHHO;

fx — BHEeIIHUE compsikeHust 00beKTa B paMkax Mojaeiau KMUA;
K| i« — KTTO, npexpsiBiasemMbie K 00bEKTY MPOCKTHPOBAHMS, BKIFOYAs all-

rOpUTMBI (METOIBI) UX PeATH3AIMH U KOHTPOJIS.

Onpenenennas Boimie OCAM (4.13) BeicTynaeT B KauecTBE <HH(POPMAIIH-
OHHOTO Spa», o0ecreynBaoIIero nHGopManre Kak MpoeKTUPYIONEe KOHCT-
pykTopcko-TexHosiorudeckue noacucteMbl CAIIP, Tak u mporpaMMHbIe MOIYITH
aBTOMAaTU3UPOBAHHON MH()OPMALIMOHHOM CUCTEMBI YIIpaBICHUS IPEANPUITHEM.

Cuctema KTTO, npencrasicHHas B Beipakenuu (4.12), moxer ObITh 3a-
nucaHa kak mapa <Ky, K>, oTpaxkaromias KOHCTPYKTOPCKUE W TEXHOJIOTUYECKHE
OTpPaHUYCHHSI COOTBETCTBEHHO. B cBOI0 ouepenb, MHOXkecTBO K; MOXET OBITh
MIPEICTABJICHO CIEAYIOIIECH CEeMEPKON KOMITOHEHTOB:

<Ty, Ts, Tm, T, To, P, ¥>, (4.14)
rae Tq— orpaHudeHus, onpeaensaeMble TeOMETPUEH N3IeHs,;

Ts — orpanuyeHus, onpeaenseMbple CTPYKTYpO U3Ieus,

Ty — orpaHuyeHus, onpeneasieMble KOHCTPYKIIMOHHBIMU MaTepHaIaMH;

Tt — orpaHW4eHUs1, HAKJIaAbIBAEMBIC SJIEMECHTAMH CONPSHKCHUS (KpeTeKHOU
bypHUTYPOI, TPOPHILHBIMU CHCTEMaMU U MEXaHU3MaMHU);

T, — OrpaHuyeHus, ONpeaesieMble TPOU3BOJCTBEHHBIMHU YCIOBUSAMHU, TPEOO-
BaHUsAMHU TexHoJorndeckux npoueccoB (TII) u ucmonb3yeMbIM CTaHOY-
HBIM 000PYIOBAaHUEM;

P — mpeaukaTHBIE CUMBOJIBI, OMIPEACIICHHBIC HA OOBEIUHEHUN  Hemepece-
karomuxcs MmaoxectB { (E T, )EG ES E U}, rne i={g, s, m, f};

VY — ¢ynkuusa GpopMaabHOTO OTOOpaKEeHHs, KOTOpasi CTABUT B COOTBETCTBUE
mo0oMy TpeauKaTHOMY cuMmBoy Pl P ompeneneHHoe 3HadeHuwe u3
MHOECTBA YHCIIOBBIX MMAPaMETPOB.

Kaxxmoe u3 moamuoxectB Ty, rae k={g, s, m, f}, pasnensercs Ha nBe He-
repeceKaronmecs: 4acTu T=T E T/, MPEeICTaBIIAIONINE, COOTBETCTBEHHO, per-
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nameHTHupytomnme (00s3aTebHbIC I BBITIOJHEHHS) U PEKOMEHIYyEeMbIE OTpaHu-
4yeHUs (OTBETCTBEHHOCTD 3a HECOOJIOICHIE KOTOPBIX BO3JIAraeTCsl Ha CIICIIHAIIH-
cta). [lockonbky GyHKIUsA ¥ 3a7aeT OTHOIIECHUE MOPSAKA HA MHOXECTBE Orpa-
HUYEHUM, T11000€ MOJMHOKECTBO OrPaHUYEHHI, B CBOIO OYEpEb, MOXKHO pa3-
OUTh Ha HEMepeceKaIolrecs MOJIMHOXKECTBA MO CTEEHU HEOOXOJUMOCTH pea-
JIM3aLHAU TOTO WJIM UHOTO KPUTEPHS:

N
i=1

Hanpumep, A1 NMOAMHOKECTBA Ty MOMHO MCIIONB30BaTh CJIETYIONIYIO
rpajauio:

- T; — orpanudeHus, oOycIOBICHHbIE (DYHKIIMOHAIBHBIM Ha3HAYCHUEM

KMWA, koTopbi€ AOJKHBI BBITIOJHATHCS B JIFOOOM cllydae;

- T, — orpaHuueHus1, CBI3aHHBIE C BOBMOXHOCTSIMU UMEIOIIErocs 000py-
JIOBaHHUs, KOTOPBIE MOXHO MPEOJOJIETh MyTEM MOAEPHHU3ALNN CTAHOY-
HOTO MapkKa,

- T3 — orpaHuyeHus, HakjiaJbIBaeMble HcHoJjib3yeMbiMu TII u3rorose-
HUsI, KOTOPBIE MOKHO CHSITh BHeJipeHrueM HOBbIX TII;

- T4 — orpaHuyeHus, CBA3AHHBIE CO CJIOXXHUBIICHCS CTPYKTYpOH MpOM3-
BOJICTBA U CYOBEKTUBHBIMU MPEANOYTEHUSIMUA UCTIOTHUTECH.

Lens monenupoBanust TII nzroronernns KMUA 3akmrouaercs B hopmu-
poBaHuM Habopa Mojejeld B MPOCTPAHCTBE ICKU3HBIX KOOPJWHAT, COOTBETCT-
BYIOIIMX TEXHOJOTHYECKUM YCIOBUSIM MPEANPUATHS U KPUTEPUAM I03aKA3HOTO
MPOMBIIIJIEHHOTO MPOU3BOJICTBA. PellleHne JaHHOW 3a1ayu COCTOUT B MOCTPOE-
HUHA MHOECTBA METOJIOB @, OMPEACAIomMuX Habop QyHKIMH €, TAKUX, 9TO Ka-
XKJIasi U3 HUX 33a€T TOYKY MOJIebHOro npoctpanctea KMUA, B koTopol ynoB-
netBopsitoTcs Bce anemMeHThl KTTO, T.e. Bce cyliecTByOIMe NpeauKaThl MoJy-
4alT 3Ha4eHWEe UCTUHHOCTU. OOIACThIO OMNpeNesieHUs METOJIOB @ SIBJISIETCS CO-
BOKYITHOCTB CBOOOIHEIX epeMeHHBIX D | GE SE U B coorerctenu ¢ (4.12).

O6o03HauuM 4yepe3 @ MHOKECTBO TEXHOJIOTMUECKHX PEIICHHH, yAOoBJe-
tBOpstomux peraamentupyromuM KTTO Beicokoro yposHs (L<N) B cooTBeTCT-
Buu ¢ (4.15). Torna MHOXECTBO TMPUEMIIEMBIX PEHICHUH OYyIEeT MpPeaCTaBIISTh
co00i1 Takoe ero MOJMHOXKECTBO Gy, B KOTOPOM YJIOBJIETBOPSETCA MaKCUMAaJb-
HO€ KOJIMYECTBO PErIaMEHTHUPYIOUIUX OTpaHUUYEHHM OoJiee HU3KOrO YpPOBHS.
OntuManpHas 1O TEXHOJOTHYeCKUM KkputepusiMm moaeiab KMUA sBnsercs aie-
MeHTOM By. MHOKkecTBa @ 1 Oy MOKHO ONPEAESTUTD CIEAYIONMM 00pa3oMm:
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Q=lafpT P wi a:w(®)T UT}:
| i=1

Q, =idal Q" wi q:w(D)I ged-ﬂs%%.rjrz

rae M — koaudecTBO rpaganuii pEKOMEHYEMbIX OTPaHUYECHUI.

— — —

=Llv1 G ej=1

4.2.1. O600menHas ”HPOPMALMOHHAS MOJIeJIb 00bEKTa U Mpolecca
npoexktuposanus TIII

ABTOMAaTH3aIUsl BCETO CHEKTPa KOHCTPYKTOPCKO-TEXHOJOTUYECKUX 3a/1au
B pamkax koMmiiekcHOi CAIIP He MoxeT ObITh OCylIeCTBIIEHAa 0€3 MOCTPOCHUS
s dexTuBHON HHPOPMAIIMOHHOW Mojaenu oOwvekTta W mporecca TIII kak co-
CTaBHOW dYacTH WHGOPMAIMOHHOW HHQPPACTPYKTYphl mpeanpuarus. llepBbim
(hOopManbHBIM ATAllOM TMOCTPOCHUS SBISAETCS HH(POJIOTHIECKOE MPOSKTUPOBAHUE
WHPOPMALIMOHHOW CTPYKTYphl aBTOMatu3upoBanHoi cucrembl TIII (ACTIIII),
B TIPOIIECCE KOTOPOTO BBISBISIOTCS MHGOPMAIIMOHHBIE MOTPEOHOCTH CUCTEMBI,
onpenensieMble MPEeIMETHON 00JaCThl0 — TEXHOJOTHYECKAsl MOATOTOBKA MPOU3-
BojgctBa KMUA.

Jlnst 5pdexTHBHON peanu3alluk JAHHOTO 3Tara HEO0OXOIUMO BBISBHUTH
MOJIHBIN Habop MH(OPMAIMOHHBIX W (YHKIIMOHAIBHBIX 3aBHCUMOCTEH, UMETO-
IIMX MECTO Ha BCEX ATalax TEXHOJOTHYECKOTO MPOCKTUPOBAHMS, paCCMAaTPUBAs
cam mporiecc GOpMUPOBAHUS MPOEKTHOT'O PEIICHUSI ¢ TOYKU 3PEHHS] CUCTEMHO-
CTPYKTYPHOTO M CHUCTEeMHO-(DYHKIHMOHAIBHOTO TOaX010B [121]. BrIsBICHHBIC
WH(OPMAIIMOHHBIE CBSI3M (POPMATU3YIOTCS MOCPEICTBOM IMOCTPOSHHsI HH(OJIO-
THYECKUX CTPYKTYp NAHHBIX, a (PyHKIMOHAIBbHBIE CBA3U — (DOpMaIbHBIMU aJro-
puUTMaMu Tpeodpa3oBaHUs MHPOPMAMU TPH TEPexXodaxX MEXIY pazTudHBIMU
YPOBHSIMH aOCTparupoBaHusi U Cmoco0aMu OMUCaHUs OOBEKTa MPOEKTUPOBAHUS.

CucteMo00pa3yomuUMH 3JIEMEHTaMU TEXHOJIOTMYECKOTO MPOEKTUPOBA-
HUS BBICTYNAIOT JIOKAJIbHBIE OMNEpaliyd — IPYIa MPOCKTHBIX ACHCTBHM, KOTO-
pbl€ XapaKTepHU3YIOTCS €AUHCTBOM ILieJIe W CIOCOOOB UX NOCTHKeHUs. Dop-
MaJbHO 3TOT MPOIECC MOXKET OBITh MPEICTaBICH MHOKECTBOM (YyHKIIMOHAIb-
HBIX 3aBUCHMOCTEH, OMMUCHIBAIONINX MPe0oOpa3oBaHUE BEKTOpa BXOJAHOU WH)OP-
maru X={X} B BekTop BbIxoAaHou uHpopmanuu Y={Y}:

Y=UF (x), (4.16)

rae N — Koau4ecTBO JTOKaJIbHBIX OMEpalnii.

HavanpHoe 3HaveHWe BEKTOpa BXOJHOW WHGOPMAIIMN OIMPEICISIIOT
OCAM KMHA u HaOOp KOJIMYECTBEHHBIX XapPAKTEPUCTHUK TEXHOJIOTHYECKUX
BO3MOXKHOCTEH mpeanpusaTus. Koneunoe 3Ha4eHHE BEKTOpa BBIXOTHOUW WH(DOP-
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Mallli — 3TO MHOKECTBO TEXHOJIOTHYECKON JOKYMEHTAlMU, KOTOpasi MpeICcTaB-
nsier TII M3roToBIeHUs] KOHKPETHOTO WJIM TUIIOBOIO M3enusi. BxoaHas u Bbl-
XoqHass WHGOpPMAIHS MPOMEKYTOUHBIX OIepanuidi o0pa3yeT pa3BeTBICHHBIH
WHOOPMAIIMOHHBIN TOTOK MEXKy HUMH, KaXJas BETBb KOTOPOTO OMpPEaeseTCs
(GyHKIMOHATBHBIM Ha3HaUYEHHEM MpeoOpa3oBanus F.

Takum 06pazoM, 11e1b TEXHOJIOTHIECKOTO MPOSKTUPOBAHUS - MPeodpa3o-
BaHUE OTpPEJEICHHON COBOKYIMTHOCTH BXOJAHOW MH(pOPMAIUH, IPEACTABICHHON B
KOOPAMHATHOM IPOCTPAHCTBE COOTBETCTBYIOIIETO YPOBHs aOCTparupoBaHus, B
OTIPEJICICHHYI0 COBOKYMHOCTh BBIXOJHON WH(GOpPMAIIUU, KOOPAMHATHOE IMpO-
CTPAHCTBO MPEACTABICHUS KOTOPO MOKET HE COBMAAAaTh C BXOJAHBIM MPOCTpPaH-
CTBOM.

3amaueit HHGOIOTHIECKOTO MPOCKTUPOBAHUS MH(DOPMAIIMOHHON MoOIenn
TIIII sBnsieTca uccnenoBanue U (GOpMaIbHOE OMHCAHUE TPEX €ro COCTABISAIO-
nmx X, F, Y (4.16), Ha OCHOBE KOTOPBIX PeaTu3yeTCsl CTPYKTYPHAS JIEKOMITIO3H-
ISl Ha JIOKAJbHBIC OMEpaIlid, U OMPEICNSIIOTCS TeXHUYEeCKUue, WH(popMaInoH-
HbIE U IPOTPaMMHBIE cpecTBa, HeoOxoauMmblie g noctpoenus ACTIIII B pam-
kax komriekcHoi CAIIP koprycHoit mebenu.

Wudomornueckoe npeIcTaBICHIE MOJICIH -0 IPOSKTHOM OmepaIuu Tex-
HOJIOTUYECKOTO MPOEKTHUPOBAHUs, UHBAPUAHTHOE K YPOBHIO aOCTparupoBaHUs,
(dhopManbHO OMHCHIBACTCS CIEAYIOIIUM 00pa3oMm:

Mi:{ II(X)v A!(X)v S(XvY)v R|(X1Y)v OI(Y) }1
rie |i(X) — BxoaHOM WH()OPMAIIMOHHBIN MTOTOK;
A(X) — anropuTm peanu3auu MPOSKTHOM ONEpaIny;
S(X)Y) — MHOXeCTBO (PyHKIIMOHAIBHBIX OTHOIICHUH;
R(X)Y) — MHOXeCTBO OrpaHMYEHUN paccMaTpUBacMOW MPOCKTHOH orepa-
11y,
Oi(Y) — BeIXO1HOW MH(POPMAITMOHHBIH MOTOK.

Texnonornyeckoe npoexkrupoBanne KMHWA npencrasiser coOoit urepa-
TUBHO-PEKYPCHUBHBIN TPOIIECC MOCIEA0BATEILHOTO MpeodpazoBaHusi uHpopma-
i 00 O0O0BEKTEe MPOEKTUPOBAHUS B COBOKYMHOCTH C Ppa3IUYHBIMU BUJAMHU
CIIPaBOYHOM, MOTIOJHUTEIBLHON W BCroMorarenbHOW wHpopmamuu. OH MOXKET
OBITh OMHUCAaH B TePMUHAX WH(POPMAIIMOHHBIX MOTOKOB |, BKIIOYAOIIMX B ceOs
Moien 00bekTa npoektupoBanus (M) u nokymenTsl (D):

Il MED.

Mopnens M npencraBnsier co00il MaTeMaTHUECKyt0 adCTpakLUIo, C 10Myc-
TUMOW CTENEHbIO aJIEKBATHOCTH OTPAXXAIOIIYI0 CBOMCTBA pPeajbHOI0 OOBEKTA,
KOTOpasi 3aMEHSIET €ro Mpu PelIeHUH MPOEKTHBIX 3aAad. st mocTpoeHust Mojie-
a1 00beKTa HEOOXOJWMO MPOBECTH ONEpalud aOCTparupoBaHHS U PEIyKIUU
pasmepHocTei [122]. B cooTBeTcTBHM ¢ mpuHImMnamMu koumenuuu bOIIIT mone-
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nu, wucnoiab3dyemMble Ha oartane TIII, HOCAT OOBEKTHBIH CTPYKTYpPHO-
aTpuOyTUBHBIN XapakTep U GopMUPYIOTCs B cooTBeTCTBHH ¢ (4.13).

Jlokyment D sBnsercss HocuTeneM WH(POpPMAIMH, WUMEIOIMUM (UKCHPO-
BAaHHYIO CTPYKTYPY IpEJICTaBICHUS JaHHBIX OJIHOTO WJIM HECKOJbKHUX TUIOB. [1o
KOJINYECTBEHHOMY XapakTepy Mpeo0saJaroniero TUIa JaHHbIX JOKYMEHTHI MOJ-
pa3aensIoTCs CIICIYIOIMIM 00pa3oM:

Di GETER,
rae G —rpaduueckue JOKYMEHTHI (3CKU3BI, HAJAIKU, KAPThI PACKPOs);
T — TeKCTOBBIC JOKYMEHTHI (TEXHHYECKUE XapaKTePUCTHKH, HHCTPYKIUH);
R — TabauyHble JOKYMEHTHI (CrenuduKaium, onepalioHHbIC KapThl).

[To Ha3HaYeHUIO W XapaKTEpPy MCIOJb30BaHUS TOKYMEHTHI MOApPA3AEs-

IOTCS Ha TPM KJjacca:
Di D,ED.,ED
rae Din — BXxoaHblE MOKYMEHTHI, COJEpKallue, KaKk MpaBWIO, YCIOBHO-
MMOCTOSSHHYIO HMH(GOPMAIUI0 O IPOM3BOJICTBEHHO-TEXHOJIOTHYSCKUX ITapa-
MeTpax NPEeANPUITUS U UMEIOIIHNE CIIPABOYHO-METOAUYECKYIO OPHUEHTAIIHIO;
Ds — mNpoMeXyTOUHbIE JOKYMEHTBI, MCIIOJb3yEeMble MPHU BBIMOJIHEHUH JIO-
KaJIbHBIX MPOEKTHBIX onepanuii (4.16) BHyTpeHHEro ypOBHS;
Dout — BBIXOJHBIE JOKYMEHTBI, MIPEICTABIISIONINE COOOM MOJIHBIN HA0Op TeX-
HOJIOTMYECKUX JIOKYMEHTOB, HEOOXOJUMBIX JIJIi M3TOTOBJICHUS pa3padaThi-
Ba€MOI'0 U3ACIIHUS.

XapakTep UCIOJIb30BAaHUSA BXOAHBIX U MPOMEKYTOUHBIX JOKYMEHTOB CY-
IIECTBEHHO 3aBHUCHUT OT HAMpaBJICHUS BEKTOpA MPOCKTHUPOBAHUS. MHKUHUPUHT
MPOTOTUITHON MOJEIU WY PEUHXKUHUPUHT KOHKPETHOro uzaenus. B mepBom
cllydae 3HAYMTEIbHas 4acTh JOKYMEHTOB YYHMTHIBACTCS CIIELHAIUCTOM (TEXHO-
jgorom) HedopMaldbHBIM 00pa3oM, IIOITOMY CTPYKTypa HMX IIpeICTaBICHUS
JOJDKHA oOecreunBaTh yI00OHBIM UMHTEPAKTUBHBIN PEXXUM JOCTYIA U BU3yalln3a-
nuu. Hanbonee mpuemnemoit gopmoit cTpykTypupoBanus uadbopmamuu B b/l
SIBJISICTCSL PEJAIMOHHAsT MOJENb, TMOoJepKuBaemMasi OOJbIIMHCTBOM COBpPEMEH-
ueix CYBJI [123- 125].

B nporecce peMHXMHUPUHTA 3HAYUTEIbHAS YaCTh BXOJHBIX M TIPOMEKY-
TOYHBIX JIOKYMEHTOB SIBJSIETCA «IPO3PAYHOM» ISl CHEUHUATNCTA, TIOCKOJbKY SIB-
aseTcsi cocTaBHOM yacThio kKomiiekca KTTO u yuuThIBaeTCsS B aBTOMaTHYECKOM
peKUMe, MUHYS CTaJUIO BU3YyaTU3allUH.

Bbixo/iHbIE JOKYMEHTHI, KaK pe3yJIbTaT TEXHOJIOTMYECKOr0 MPOCKTUPOBa-
HUsI, B OOIIEM ciydae MpPeACTaBIAIOT COOON COBOKYMHOCTb IIECTH ITOJMHO-
KECTB:

out !

D | D"ED"EDYED"™D*ED”™,
rae D™ — MapIIPYTHBIE, ONEPALUOHHBIE U MApIPyTHO-onepauroHubie T1I;

out



186

D — cnenuduKanuy Ha MaTeEpUAIbl U KOMILUIEKTYIOIIME U3IEIINS;

D" — kapThl pacKposi JIMCTOBBIX U OMOHHBIX MATEPHAIIOB;

DY _vy11 st ctankoB ¢ UITY u oOpabaThiBatomuXx EHTPOB,;

D° — BeOMOCTH Ha KOMILIEKTAIMIO M3TOTOBIECHHUS HM3AEIUS U 3aKYIKY, B

cliydae He0OXOIMMOCTH, HEJOCTAIOIIUX KOMIIOHEHTOB;

D" — TabauIBl TPYIOEMKOCTH BBIIOJIHEHHS OTAEIBHBIX ONEPALUil U HOPMH-

pOBaHUs TPyA03aTpar.

[TomHBIN 00BEM BBIXOJTHBIX JIOKYMEHTOB MOXET (DOPMHPOBATHCS TOIBKO

MPY PEUHXKUHUPHUHTE TMIPOTOTUITHBIX MOJICJIEH B IPOCTPAHCTBO UCIOJIHUTEIbHBIX
koopauHaT. OH BapbUpYETCS B 3aBUCHUMOCTH OT OCOOCHHOCTEW OpraHu3aiuu
MPOU3BOJICTBEHHOTO TIpollecca Ha KOHKPETHOM MpearnpusTuu. B mpocTpaHCcTBe
ACKHU3HBIX KOOPJIUHAT CYIIECTBYIOT TOJILKO TUIIOBBIE U TpynmoBbie TII.

4.2.2. 3akoHOMepHOCTH Npeodpa3oBanusi HHGOPMAIUH NPHU
TEXHOJIOTHYECKOM MPOEKTUPOBAHUH

Ha xaxgom sTame mporiecca TEXHOJIOTUYECKOTO MPOSKTUPOBaHUS MHPOP-
MAaIIMOHHBIE MOJIENIM U JTOKYMEHTBI, NPEACTABIECHHBIE B MPEABIAYIIEM pa3Jelie,
MOJBEPTalOTCS CIOXKHBIM (YHKIIMOHAJIBHBIM TpeoOpa3oBaHMsIM, KOTOpHIE TIO-
CIENOBAaTENbHO YTOYHSAIOT omnucaHue mnpoektupyemoro TII. ®dopmanbHO 3TH
nmpeoOpa3oBaHUsI OMUCHIBAIOTCS MHOXKECTBOM (QYHKIIHHN MpeoOpa3oBaHUs:

F I Fd@d E FM@ M E FM@@ E Fd@ m?
rne F,,, — GyHKIMU B3aHMHOTO TIpeoOpa3oBaHus JOKYMEHTOB,;
FM@ M

F
F

— (yHKIMY B3aUMHOTO MPE0Opa30BaHUs MOICIICH;

0, — PyHKIINM TpeoOpa3oBaHus MOJIENEH B TOKYMEHTHI,

0., — PyHKINU TpeoOpa3oBaHUs TOKYMEHTOB B MOJIEIIH.

Bce onepanuu B3auMHOTo npeoOpa3zoBaHus JOKYMEHTOB MOTYT ObITh CBe-
JI€HBI K IBYM OCHOBHBIM BUJIaM OTIEPAIUH:
- monudukamus otHomeHui B bJl (no6aBneHue, peJakTHpOBaHUE U yia-
JICHHE KOPTEXKEH, BKIIFOUEHUE HOBBIX 3K3EMILISIPOB OOBEKTOB U T.1I.);

- TMOUCK MH(POPMAIIUH TI0 3aIaHHON COBOKYITHOCTH KIIFOUEBBIX aTpUOYTOB
U TOCTPOCHHE MPOCKUHMI OTHOLIEHWH Ha BBIOpAaHHOE MOJMHOKECTBO
aTpuOyTOB.

XapakTep B3aMMHOTO MpeoOpa3oBaHMsl MOJENEd W JOKYMEHTOB B XOJI€
TEXHOJIOTUYECKON MOJArOTOBKHU MPOU3BOJCTBA OMPEACNISIETCS HEO0OXOIMMOCTHIO
dbopmupoBanuss OCAM mpornecca Ha ocHoBe OCAM wuznenwus, T.e. peuicHUEM
3amaun cuHTe3a TII. B oOmem ciyudae moaenu TII mopokparoTcss Ha OCHOBE
nogmojienieit OCAM KMUA B cOOTBETCTBUHU C OOLIMMH MpaBUJIAMU BBIJETICHUS
noarpados B cTpykType nomxpomarudeckux rpagos [ 100].



187

[IpeoOpazoBanue rpado-aHATUTUIECKOW MOJEIH B JBYMEPHBIC T'€OMET-
pUYECKHE MOJENN ONEPAUUOHHBIX ICKU30B U KOHTYPOB JUIsl ONITUMHU3ALIMU pac-
KpOsl MaTE€pUAJIOB U TPAHCISALMU B CUCTEMBI yIipaBieHus cTaHkoB ¢ UIIY ompe-
JENSETCS MPaBUIaMHU IPOEKIIMOHHOW I€OMETPUH, MMOCKOIBKY OHO IMPEACTABIISIET
c000i1 ToJIy4eHHE OPTOTOHAJIBHBIX MPOEKIIUH M0 UMEIOIIEHCs 00bEeMHOM Mo/1e-
JY € MOAKIIOUYECHUEM, MPU HEOOXOIMMOCTH, aITOPUTMOB BBIJICTICHHS 3aMKHYTHIX
KOHTYPOB.

HauGomnee cioxHO# ¥ B 3HAUUTENHHON CTeTIeHH HeGOpMaIbHON Ha JTare
WHXUHUPHUHTA SBJISIETCA 3a/ladya IpeoOpa3oBaHUs SCKU3HO-CTPYKTYPHOU MOJEIN
KMHUA B onepaunonnyto moaeiab TII u cTpykTypHO-aTpuOyTUBHOW MOJEIH — B
MapuipyTHyto mozenb TII. B oOmem ciyyae oHa mpeacTaBisieT co0oil 3amauy
cuntesa TII, koTopast MOeT ObITh pellieHa Ha OJTHOM U3 TPEX YPOBHE:

Ui u,i u,i U,
rae Ui — ypoBeHb KOHCTPYKTHUBHOU uaeHTHYHOCTH KMUA, Ha KoTOpOoM 3a1aya
cunte3a TII BbIpOKIAaeTCAd B MOWCK CYIIECTBYIOLIErO aHAJIOra, MOJHOCTHIO
YIOBJIETBOPSIOLLIETO YCIOBHUSAM U3TOTOBIIEHUSI HOBOTO U3ENUSA,;
U, — ypoBeHb TexHoJorudeckoi uaeHtuuHoctu KMUA, Ha koTopom cyiie-
ctByeT TunoBoi TII, TpeOyrommii MoaupuUKauu OTACTBHBIX €ro mapameT-
POB B COOTBETCTBUY C HOBBIMHU TpeOOBaHUIMU;
U3z — ypoBeHb cunTe3a HoBoro TII.
[IpoextupoBanue TII Ha ypoBHE KOHCTPYKTUBHON UJAEHTUYHOCTU TpeOyeT
opranu3anuu 3(PQPEKTUBHBIX MEXaHU3MOB IMOWCKA H3CIHSI-aHAIOra, KOTOPBIMA
MOJKET OCYIIECTBIATHCS MO OOIIMM XapaKTepUCTHKaM: (DYyHKIIMOHAIBPHOMY Ha-
3HAUYE€HUI0, Ta0apUTHBIM pa3MepaM, CTPYKType BHYTPEHHETO HAIOJHEHHS, TIPHU-
MeHsieMol (QypHUTYpe U T.A. [l 3Toro HeoOXO0AMMO BBHIMOJHEHHUE KaK MHHH-
MYM JIBYX YCJIOBUN:
- pa3paboTKH W MPUMEHEHUS CHUCTEMBI KJIacCH(PHUKAMU U KOJAUPOBAHUS,
OoTpakarollel CyIecTBEHHbIe 0COOCHHOCTH BhllTyckaeMbix KMUA,;

- HakoIuieHHe MHPOpPMAIMU O paHee BBIMyCKaeMbIX u3nenusx B bJI ¢ op-
TaHU3alMEN PEKUMOB JOCTYIA K HEM BCEX 3aMHTEPECOBAHHBIX CIELHA-
JIMCTOB.

EcrecTBEHHO, UTO BEPOSTHOCTh YCHEIIHOIO MOUCKA U3JEIHS WU ACTaU-
aHayiora mpsiMo MponopIroHadbHa 00beMy uHpopmanuu B b/ u mosHOTE Kitac-
cudukanronHoro mnpexactasienus. Hatinennsiii TII-anamor HeoOXoauMo mo-
BEPrHYTh NPOLENYPE AKTYaAJIN3AIMHU, IOCKOJIBKY OH MOXKET SIBJISATHCS MOPAJIbHO
YCTapeBIIUM, T.€. BBIIOJHUTbH PsJ MPOEKTHBIX ONEPALMKA YPOBHS TEXHOJIOTHYE-
CKOW UJEHTUYHOCTH.

OcHoBHBIM MeTOAOM mpoekTupoBaHus TII Ha ypoBHE TEXHOJIOTHYECKOH
WJICHTUYHOCTH SIBJISIETCS METOJ aJpecalid, OCHOBAHHBIM HA TEOPUU THUITOBBIX
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TEXHOJIOTMYeCKHX mporeccoB [126]. CTpykTypHas cxema ajlropuTMa ero peau-
3alu| MpeacTaBieHa puc. 4.3.

ITocTpoeHHe MOJETH
JeTamH HITH H3 /1 emHs

>

Bridop mMofemH i-ro
KOMILTEKCHOTO 00LeKTa

YpOoEeHb
OLIeHKa YPOBHS COOTBETCTBYET
HAEHTHIHOCTH
i=itl VPOBeHE He
3 COOTBETCTRYET

-

Harnederse THIIOBOTO TTI

Ilepexon Ha YpOBEHR .
cHHTeza TII IMoctpoenHe padouero TII

Puc. 4.3. Cmpykmypnas cxema anzopumma peanu3auuu ypoeHs mMexHoa102uiecKoil
uoenmuyHoCmu

Mojenb 1-0ro KOMIUIEKCHOTO OOBEKTa MPEJCTaBIsAeT COOOH MHOMKECTBO
U3JICTUI WK JeTallei, KOTOPbIe MOYKHO M3TOTOBHTh B COOTBETCTBUU C |-BIM TH-
MOBBIM TexHoJioruueckuM mpoiieccoM (N — o0Iee KOJTUYECTBO TUIIOBBIX 00BEK-
ToB B B/1).

Haubonee obmuMm siBisieTcss ypoBeHb cuHTe3a TII, B OCHOBE KOTOPOTO
JIEKUT MOJIOKEHUE O TOM, YTO IPOLECC MPOEKTUPOBAHUSA SABJISIETCS MHOTOYpPOB-
HEBBIM M WTEpalUOHHBIM. Ha KaXaoMm ypoBHE pemiaercs 3ajadya OUCHKU U
(UIBTpalliK BapUAHTOB B COOTBETCTBHUH C ONPEACICHHBIMH KPUTCPHUSIMH, IO
pe3yapTataM KOTOPOW JUOO OCYHIECTBIIAETCS MEPEXOJ Ha HUKEIEKALIU ypo-
BEHb, JTUOO BO3BpAT HAa OJIUH M3 BBIIICIEKAMMUX YpOBHEH. [Ipyrumu cioBamu,
cunre3 TII TpeOyeT penieHus 3a1aul MHOTOKPUTEPUAIBLHONM ONTUMU3AIMU, KO-
TOpas pacCMAaTPUBAETCA B CIEIYIOLIEH TJ1aBE.

Ha mpaktuke paccMOTpeHHBIE METOIBI MCHOJB3YIOTCS COBMeCTHO. Ilo-
ckobky U, | U, I U,, menecoodpa3HO UCMOIB30BaTh UMEHHO 3Ty MOCJIEI0Ba-
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TEIBbHOCTh UX NMPUMEHEHHUS U MEePEXOJUTh Ha Oosiee 0OIIMe YPOBHU TOJBKO IO-
CJie MOJy4YeHHUs OTPULIATENIbHBIX PE3YJbTATOB HA MPEIBIAYIINX YPOBHSIX.

[IpeoOpazoBanue mojeneit B JOKYMEHTBI MOXET OBITh TPEX Pa3IWYHBIX
THUIIOB!

- U3BJICYEHHE HEKOTOPOW YaCTH T€OMETPUYECKOM M CTPYKTYPHOW WH-
dbopmanuu 13 OCAM c mocnenyrorieii ee 00pabOTKOW U MpeacTaBie-
HUEM B (hOopMe MPOMEKYTOUHBIX MIIM BBIXOJHBIX JTOKYMEHTOB. B xome
moA0OHOr0 MpPeoOpa3oBaHUsl BO3HUKAET YaCTUYHOE AyOJMPOBAHHE WH-
dbopmanyu B CHIIy HEOOXOJIUMOCTH €€ MPEeJCTaBIeHUS B UHOU (opMe.
[Ipumepom Mo0OHOTO MpeoOpa3oBaHUsA MOXKET CIYXUTh MNpoLeaypa
(dhopMHUpPOBaHMS YEPTEHKHOW JOKYMEHTAIMH, BKIIOUAIOIIEH B ceOs cOo-
POYHBIN YEPTEXK U3AEITUSA U paboure YepTEeKH JAeTalIeH;

- m3Binedenne u3 OCAM TonpkO reoMeTpudeckoi HHGOpMAIUU AJIs MO-
IuUKaAIUK ee MPEACTaBICHUS B COOTBETCTBUH C 33a/JlaHHBIMU KpHUTE-
pusimu U popmoit Busyanuzanuu. Hanpumep, npu popmMupoBaHuu kapT
packposi MaTepHaJOB HA OCHOBAaHMHM T€OMETPUYECKON WH(MOpMAIUU O
JETaNsIX U KPUTEPUEB ONTUMHU3AIMU PACKIAJKU PACCUUTHIBACTCS OIl-
TUMaJIbHBIA BapuaHT KapT packpos, (popma mpeacTaBIeHUS KOTOPOTO
onpeneseTcss TpeOoBaHUSIMHU yA00CTBA UCIIOIB30BaHUS B MPOU3BOJICT-
BE;

- BKJIIOYEHHE MOJIETU WUJIM €€ YaCTH B KAYECTBE I[€JIOCTHOTO COCTaBHOTO
00bEKTa B JIOKYMEHT C COXpPAaHEHHEM CYIIECTBYIOIIUX CBA3EH CTPYK-
TYPHOTO YPOBHSA. DTO MO3BOJSET MOJIECPKUBATh HANPaBICHHBIE CBA3U
MEXIy MOJENbI0 U TOKYMEHTOM, Ojarojmaps 4emy Tekyliue moaudu-
Kallui MOJEJIM aBTOMAaTUYECKU OTPAXKAIOTCS B CBA3AHHBIX C HEIO JIOKY-
MeHTax. Hampumep, Mozenb cxeMbl COOPKH M3JIEeNUs BKIIOYAET B ceOs
rpado-aHATUTHYECKYI0 M YaCTUYHO CTPYKTYpHO-aTpUOYTHBHYIO CO-
crapistomme OCAM.

4.2.3. MareMarn4eckas MOJ€Jb ONTHUMH3ALNU TEXHOJIOTHIECKOT0
npouecca usroropjaenuss KMUA

buznec-npoueccel Ha J11000M MPOMBIIUIEHHOM MPEANPUITHH, B TOM YUCIIE
¥ B MeOEIbHOW MPOMBIIIIICHHOCTH, JOJKHBI OBITh IKOHOMUYECKHU d(PPEKTHBHBI-
MH, MO3TOMY HEOOXOIMMON (PYHKIIMEH TEXHOJIOTHYECKOW MOATOTOBKH IPOU3-
BOJICTBA SIBJISIETCS CTpYKTypHas ontumuzanus TII mo o6oOmaromum nokasare-
JSIM TEeXHHUKO-dKOHOMHUYEcKoi sddexktuBHOCTH. Llenpio ee sBiseTcs BHIOOp U3
MHO’KECTBA AJIbTEPHATHBHBIX BAPUAHTOB TAKUX PEIICHHUM, KOTOPHIE MO3BOJISIOT
SKOHOMHO Pacx0J0BaTh MaTEPUAIBbHBIE, JHEPTETUUYECKUE, TPYAOBBIE U UHBIE pe-
cypcsl npeanpusatua. Kpurepun, UCronap3yeMble IPU CTPYKTYPHOM ONTHUMM3a-
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uuu TII, noxpasaensorcst Ha ABE TPYMIbl, COOTBETCTBYIOUIME JBYM OCHOBHBIM
MPUHIIUIAM UX pa3paOd0TKH — TEXHUYECKOW M IKOHOMHUYECKOH Ierecoo0pa3Ho-
ctu. Jpyrumu cinoBamu, pazpaboranssiii TII momken obecrneunBaTh O€3yCOB-
HYIO peau3aifio BCeX TEXHUYECKUX TPEOOBAHUMU, PEABABISIEMBIX K U3CIHUIO,
u obecreuynBaTh MPU ATOM MUHUMAIbHBIE U3ACPKKH MPOU3BOACTBA. OCHOBHBI-
MU T€XHUKO-D)KOHOMUYECKHUMH KPUTEPUSIMH SIBIISIOTCS: MaKCUMaJbHas (HaKTu-
Yyeckasi MPOU3BOJUTEILHOCTh, MUHUMAJILHOE IITYYHOE BpPEMs, MaKCUMAaJIbHBII
KOA((PUITMEHT TEXHUYECKOTO HCIIOIh30BaHUs 000pynoBaHus. B rpymmy 3KOHO-
MUYECKUX KPUTEPUEB BXOIAT: MUHUMAJIbHBIE MPUBEJCHHBIE 3aTpaThl, MUHU-
MajbHas ce0€CTOMMOCTh M3TOTOBJICHUS M3JENHsI, MaKCUMaTbHAsl MPUOBUTb WK
PEHTa0ETBLHOCT.

C MaremMaTHUYeCKON TOUYKHU 3pEHHMs 3aJladyd TEXHOJIOTHYECKOTO MPOEKTHPO-
BaHUs MpeACTaBIseT coO0M 3aauy MHOTOKPUTEPUAIHHON ONTUMHU3ALUA U CBO-
JUTCSL K OMPEACICHUIO BapyaHTa, B HAaUJIy4llled CTeNEeH! peain3yIolero Tpedo-
BaHMS K M3rOTABIMBAEMOMY U3JICIHUIO (KPUTEPUH ONTUMHU3AINN) C YISTOM CIIe-
UUKH, 00YCIOBIICHHOW KOHKPETHBIMH MTPOU3BOJICTBEHHBIMH YCIOBUSIMU (CHC-
Tema orpanudenuii). OntumanbabiM TIT uzrorosiaerus KMHUA cuurtaercs B Tom
ciiydae, KOT/ia OH o0OecIieurBaeT BBHITIOJIHEHHE BCeX TpeOoBaHUi, chopmynupo-
BaHHBIX Ha mpeapAymux 3tanax JKI[ uzgenus, COOTBETCTBYET peajabHbIM MpPO-
M3BOJCTBEHHO-TEXHUYECKUM YCJIOBUSIM M COOTBETCTBYET HKCTPEMYMY LIEJIEBOI
GyHKIHH.

[ToCcKONBbKY KpUTEPHUEB CTPYKTYPHOW ONTHUMHU3AIMU TEXHOJOTHUUYECKUX
MPOIIECCOB HECKOJIBKO, TpeOyeTCsl ompeaesieHue 0000IIEHHOT0 KPUTEPHs, KOTO-
PBI MOXKET OBITh TIOJYYEH MyTEM CBEPTKH OTACIBbHBIX HOPMATU30BaHHBIX KPH-
TE€PUEB ONTUMHU3AIUU

N N
F=3a *x; aa, =1,
i=1 i=1
rie F—HopManu30BaHHbIE 3HAYEHUS] KPUTEPUEB ONTUMU3ALINY;
@ — BECOBBIC KOA(PHUIIUCHTHI, KOTOPBIC ONPEACISIOT BKIAJ I-TO0 KPUTEPHS OII-
TUMH3AIMN B 000OIICHHBIN KPUTEPUH.

Hopmanuzamms kpuTepreB ONTUMH3AIMN, KOTOpas HeOOXOouMa ISl TIpHBe-
JICHUsI UX K Oe3pa3MEepHOMY BHUIY, BBHITIONHSETCS B COOTBETCTBHM CO CICIYIOIIUM
COOTHOIICHHUEM:

— Fi" - Fimm
L™ -
rae Fi — HopMam30BaHHOE 3HAYCHUE I-TO KPUTEPHUS;
Fi — HEHOPMAJIM30BaHHOE 3HAYEHHUE I-TO KpUTepHs,
F™, F™ — cooTBETCTBEHHO, MUHUMAJIBHOE M MAKCHMAIILHOE 3HAYEHHE i-r0
KpUTEpHsl HAa MHOXKECTBE IOITYCTUMBIX 3HAUECHUH.
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Jlnisa moctanoBky 3agaun ontumusanuu TII TpeOyercs cocTaBuTh Matema-
THYECKYI0 MOJCIh 00paboTKu oTnenbHBIX aeTaneit KMUA u cOopku m3menus,
BKJIFOYAIONIYIO B CE0SI KPUTEPHUH ONTUMAIBHOCTH, IENEBYIO (QYHKIHUIO, CUCTEMY
OTpaHUYCHUH, BEKTOPBI BXOIHBIX, BHYTPEHHHUX (C BBIJICIICHHEM YIIPABJISICMbBIX) U
BBIXOJ/IHBIX TAPAMETPOB.

O6mmii mpouecc uzroroBieHuss KMMA B ycnoBHsX MO3aKa3HOTO MPO-
MBIIUIEHHOTO MPOM3BOJICTBA SIBISETCS TOCTATOYHO CJIOKHBIM, BKIIOYAIOIIUM B
ce0st opraHu3alMOHHBIC, SKOHOMUUYECKHE, TEXHUIECKUE U TEXHOJOTHUYECKHUE ac-
neKkThl. B kadecTBe 00OOIIEHHOTO WHTETPATHHOTO KPUTEPHS ONTHUMATbHOCTH
s ontumuzaruu TII B mienom nienecooOpa3Ho BeIOpaTh yAENbHBIE 3aTPAaThl HA
eAUHUIY TPOAYKIHUHU B T€UEHHE TUIaHOBOTO mepuoaa. CooTBETCTBYIOIIAS II€je-
Bast QYHKIUS B 3TOM ClIyyae MOKET ObITh IPEJCTaBIICHA B BUJIE!

7 = ZK >K3 >Ku +Zmo +Zr[ >Ka +ZM +Zu +Z3r[ +Z3J1 +Zo +Zal<o +Znon +an , (417)
N

rae Z, — I0Jisl KauTaldbHBIX 3aTpaT Ha MPpUOOpETeHUE U YCTAHOBKY 000pya0Ba-
HUS, MPUBEJEHHAS K IJIAHOBOMY MEPHUOY;
K, — k03¢ dunueHT 3KCTeHCUBHOTO (IO PSKMMHOMY BPEMEHH) UCTIOJIb30Ba-
HUS 000pyAOBaHUS,
K, — k03 dumeHT nHTeHCUBHOTO (10 TPOU3BOIUTEIBHOCTH) UCIIOIb30Ba-
HUS 000pyA0BaHUS,
Z,,, —3aTpaThl Ha TEXHUYECKOE 00CITY)KMBAaHUE U PEMOHT 000PYy10BaHUA;
Z, — KanuTaJIbHBbIE 3aTpaThl Ha COJEPKAaHHUE MPOU3BOJICTBEHHBIX IMOMEIIIE-
HUU,
K, —koadduiment amoptuzanuy,
Z,,—3aTpaThl Ha MaTepUaJIbl U KOMIUIEKTYIOIIUE U3/ICIINS;
Z, —3arpaThbl HAa PEMOHT U IPUOOPETEHNE UHCTPYMEHTA,
Z,, — 3aTparbl Ha 3apabOTHYIO IJIATy OCHOBHOI'O M BCIIOMOTATEJIBHOTO MEep-
COHaJa,;
Z,, — 3aTpaThl 3eKTposHeprun Ha peanusauuio TII msroronennss KMUA,;
Z, — cyMMapHble 3aTpaTbl OT IPOCTOEB 00OPYJOBAaHUS BHE 3aBUCUMOCTH OT
MPUYUH, KOTOPbIE UX UHULUUPOBAJIH;
Z,, — 3aTpaThl HAa YKOJOTUYECKHUE 1eJIH U o0ecrieueHue TEXHUKU Oe30MacHo-
cT (yTHJIM3AIMsI ONMUJIOK M OTXOJOB OT PACIWIOBKH 3arOTOBOK, YCTaHOBKA
JOTIOJTHUTEIBHBIX (DUIBTPOB U T.11.);
Zyon — NOTIOJIHUTEINIbHBIE 3aTpaThl, CBA3aHHbIE ¢ u3roropieHnemM KMUA mno-
BBILIEHHOT'O YPOBHSI 9KCKJIIO3UBHOCTH;
Z,, —IpOYHNE 3aTPATHI;
N — konuuectBoO KMUA, U3roTOBIIEHHBIX B INIAHOBOM TIEPUO/IE.

KoaddumueHT 7KCTEeHCUBHOTO KCIIOIB30BaHUsI 000pYI0BAaHUS OINPEICIIs-
€TCsl OTHOIIEHUEM (PAaKTHUYECKOTO BpeMEHH padOThl 000PYAOBaHHS K PEKHUMHO-
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My (GOHIY BpeMEHH, a KO3(P(GUIMEHT HHTECHCUBHOTO HUCITOJb30BaHUSI — OTHOIIIC-
HUEeM (HaKTUYECKON MPOU3BOJAUTEILHOCTH K MPOU3BOIUTEILHOCTH O TEXHHUYE-
ckoii HopMe. VX mpowu3BeneHUE OMpENesseT MHTETPATbHBIN KOA()(PUIIMSHT HC-
MOJIb30BaHUS.

Cucrema oOrpaHuyeHUld paccMaTPUBAEMOM MATEeMAaTHUYECKOW MOJEIU
JOJDKHA OMPEAeNAThCS celMUKON KOHKPETHOTO MPEANPUITHS U OTPpakaTh BCE
MPUCYLIME EMY CYIIECTBEHHBIE (DAKTOPHI, B TOM YHUCIIE!

- BO3MOXKHOCTH pabOTHI B CYIICCTBYIOIIEH MPOU3BOJCTBEHHOW CHCTEME

(oGopymoBaHue, MaTepHalibl, HHCTPYMEHTHI, Kaapbl U T.1.);

- B3aMMOCBS3U MEXKIy OOBEKTaMH, BXOISAIIUMHU B cHcTeMy (Iojpa3ere-
Hus, otansl JKI u3genus, TOKyMeHTO000POT);

- TPHUHIHUIBI pabOThl ¢ KIMEHTaMu (CHCTeMa MpueMa 3aKa3oB, yCIIOBHUS
TPAHCIIOPTUPOBKU TOTOBOM MPOAYKLIHMHU, OpPTaHU3AIMS TAPAHTUHNHOTO U
MOCJICTapaHTUIHOTO 00CITY)KHBAHHUS).

BekTop BXOJHBIX JaHHBIX LIEJ€BOM (PYHKIMU BKIJIIOYAET B ceOs Clenylo-

[IME TPYNIbI MapaMETPOB:

- B3aMMOCBA3M M B3aMMO3aBHUCHMOCTH MEXAYy IapaMeTpaMHu, OIIUCHI-
BAaIOIIMMU OTJICJIbHBIC TPYIINbI 3aTPaT, MPU UCIIOJIb30BAHUU PA3TUUYHBIX
MapUIPYTHBIX TEXHOJOTUMN N3rotoBiaeHuss KMUA;

- CHCTEMBbl HEPABEHCTB, OTPAKAIIIUX pPEAJbHBIE NPOU3BOIACTBEHHBIC
BO3MO>XHOCTH MPENPUITHS;

- XapaKTePHUCTUKH BO3MOXXHOCTECH MaTepHaIbHO-TEXHHYECKOTO U (hMHAH-
COBOT0 00OecreYeHus MPON3BOJICTBA;

- W3MEHEHHE TEXHOJOTHYeCKHX (aKTOpOB, a Takke (PaKTOpoB MOTpeOu-
TEJIbCKOT'O CIPOCA HA BBIYCKAEMYIO ITPOIYKIIMIO BO BDEMEHH.

[TockonbKy CTpyKTypHasi ontumuzanus audQepeHnupyeT Mmporecc Tex-
HOJIOTMYECKOr0 MPOSKTHPOBAHUS Ha PsJi B3aUMOCBA3aHHBIX ypoBHel (puc. 4.4),
KaXIbll M3 KOTOPBIX MPEAIOJIAracT pelleHHe MHOIOBAPUAHTHOW 3a1adu, Mpo-
MEKYTOYHBIMHU JTAHHBIMH OYAYT SBIATHCS T'padbl TOMyCTUMBIX BapuaHTOB TII,
YJIOBJIETBOPSIOIINX UMEIOIIECNCS CUCTEME OTPAHUYCHUN .

BexTop BBIXOAHBIX MapaMeTpOB MPEACTABIACT cO00 MHPOPMAIMOHHYIO
CTPYKTYPY, COJIEpXk ALY TMOJHBbIM HA0Op JaHHBIX JJIsI T€HEepalUH KOMIUIEKTa
TEXHOJIOTUYECKON TOKYMEHTALMHA HA U3TOTOBJIECHUE DKCKIFO3UBHOTO, TUIIOBOTO
niu rpynnoBoro KMHA B cootBeTcTBUM ¢ ontuManbHbIM TII, nnm makcumansb-
HO TPUOIMIKEHHOMY K HEMY IO 3aJIlaHHBIM KpUTEpUSIM. B 3aBUCHMOCTH OT THIIA
pa3pabaThIBAEMOT0 TEXHOJIOTUUECKOTO TMPOoIlecca B COCTaB JOKYMEHTAIIMU MOTYT
BXO/JIUTh:

- MapUIpyTHBIE, ONIEPAIMOHHBIC U MAPIIPYTHO-ONEPAILIMOHHBIE KAPTHI;

- KapTbl THIIOBOT'O TEXHOJOTMYECKOI0 poIecca,;
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- KapThl TPYIIOBOr0 TEXHOJIOTUUYECKOTO MPOILIECCa;

- Pa3IUYHOTO POJbl TEXHOJOTHYECKUE UHCTPYKIIMU, HATPUMED, 1O cOOp-
KE U3JENHs, BEIOOPY TEXHOJOTMYECKUX MapaMeTPOB PacKpos mMaTepua-
JIOB, TEXHUKE OE30TIaCHOCTH U T.J.;

- KapThl TEXHOJOTHUYECCKOW HHGOPMAIINH;

- KapThl ONEPAIMOHHBIX U COOPOUYHBIX ICKU30B;

- KapTbhl KOMIUIEKTAIMH.

C v ®, YporeHL PEIOOpa
3arOTOBOK
SRR sEEE R YpoereHb BeIOOpa

IU1aHOB 00paboTKH

VYpoeReHE BEIOOpA

OOJHITOBKH

VpoBeHE BEIOOpPA
cXeM MPHCAJ0K

S50 &0 00008 & O O 0D & & BapuaHtel TII

Puc.4.4. Yposnu cmpykmypnoit onmumuzayuu TI1

3amada cTpykTypHOU ontmmu3anuu TII sBnseTcs MHOTO(QaKTOPHOU OII-
THUMH3AIMOHHON 3amadeii, GopMabHO 3aKJIIOYAIONIEHCS B TIOMCKE TaKOW BETBU
rpada, KoTopas 00eCIIeUUT IKCTPEMYM IeIeBON (YHKIIMM B paMKax 3aJaHHOMN
CUCTEMBI OrpaHndeHui. Pemenne 3toi 3agaun no3posset popmuposats TII usz-
rotopieHnss KMHWA ¢ MUHMMaJIbHBIMU YIEIbHBIMU 3aTpaTaMH, UTO SBIAETCS
HUCKIIIOYUTEIBHO AKTYyaJIbHBIM B YCIIOBUSX IO3aKa3HOTO MPOMBIIIJICHHOTO MPO-
W3BOJCTBA.

OO01ast mocTaHOBKA 33/1a4M ONTUMM3AIUN TEXHOJOTUUYECKOT'0 MPOEKTHUPO-
BaHMs B pacCMaTpUBAEMOM BapHUaHTE C YYETOM COOTHOIICHUS MOXET OBITh
chopMmynHrpoBaHa CIAEAYIOMUM 00pa3oMm:

Z=7Z(x)® min;

ixT X,

. S

p O X)) F, (4.18)

|
i P(s - scO|£€) £ p,
Pl gt 3kl K,
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rie X — BEKTOP BXOJIHBIX MapaMeTPOB,;
fj(x*) — OrpaHWYCHUS, HAKJIAJbIBACMbIE BO3MOMXHOCTSIMH CYIICCTBYIOIICH
MPOU3BOJICTBEHHOW CUCTEMBI;
P — OrpaHUYCHHUS HA JOMYCTUMBIC OTKIIOHEHHUS MOTPEOUTEIHLCKOTO CIIpOca Ha
OTJICJIbHBIC TPYIIITHI BBITYCKAEMbIX U3J/ICIHH B TCUCHUE TUIAHOBOTO MEPUOIA.
Pemenue 3agaun ctpykrypHoii ontumuzanuu TI1 mpeamonaraer o6padoT-
Ky Oosbiioro oobema ciabo GpopMalIn30BaHHOW W HEYMOPSA0UYEHHON HH(pOopMa-
UM, YTO TPEOYET COOTBETCTBYIOIIMX 3aTpaT BPEMEHU U TEXHUYCCKUX BO3MOXK-
HOCTEH KOMITBIOTEPOB. ¥ MEHBIIUTH €€ Pa3MEPHOCTh MOXHO B TOM CIy4ae, eCIu
Ha UCXOJHOM Tpade WK Ha OTICIBHBIX YPOBHIX MPOMEKYTOUHBIX TpadoB (puc.
4.4) cymecTBYIOT KPUTEPHH MPOMEKYTOYHOW ONMTHMH3AIUH, TO3BOJISIONIUE OT-
OpOoCHUTh Bce BETBH, 3aBEOMO HE COACPIKAIINE ONTHMAIHHOTO PEIICHNUS |
G =G™EG", (4.19)

Ha ocHoBaHum mnpemnaraeMoil mMaTeMaTHYE€CKOW MOJEIH ONTHUMH3ALUU
npoekTupoBanus TII uzroroBnenns KMUA pa3pabotan anroput™ peanu3anuu
U CTPYKTYpHas cxema nojacucteMsl (puc. 4.5), koTopas COCTOUT U3 CIICAYIOIINX
MOJYJICH:

- Moaynb (GopMupoBaHus BXxomHoW wHpopmanuu (MBxW), npennaszna-
YeHHBIA JJIs ONPEJCICHHS LEeIeBON (PYHKIIMU TEXHOJOTHYECKOTO IMpOo-
EeKTHUPOBAaHUSA;

- MOXYJIb TOJNYYCHHS (PYHKIIMOHAIBHBIX 3aBHUCHMOCTeH (M®D3) Mmexmy
COCTaBHBIMH YaCTSIMU MPUBEACHHBIX 3aTPaT U XapaKTEPUCTUKAMHU TPO-
W3BOJICTBEHHON CHCTEMBI;

- MoAayib pacyeTta nporHo3oB (MPII) usMeHeHHs mapaMeTpOB B 3aBUCH-
MOCTH OT BPEMEHHU B TEUEHHUE ILUIAHOBOTO NIEPUO/IA;

- MOJYJb MOCTpoeHUs 1eneBoit pynkiuu (MIILD);

- MOJYJIb MOCTPOCHUS cucTeMbl orpanndenuii (MIICO);

- MOIYJb HAaXOXIEHUS NPOMEKYTOUHBIX KPUTEPUEB ONTHUMHU3ALUU
(MIIKO) u nuddepenuupoanus noarpada B coorerctBuu ¢ (4.19);

- MOJYJIb PEUICHUs ONTUMHU3AUMOHHOMW 33/1a4i Ha ONpPEIEICHHOM YPOBHE
(MPO3);

- MOJYJb OLIEHKH TMOJYyYEHHOT'O PEIICHUS U OMpEAeNICHHs] He0O0X0IuMO-
CTH KOPPEKITUH UCXOAHBIX qaHHBIX (MOP);

- Moaynb popmupoBaHus BeixogHoW uHpopmanuu (MBeixU).

B 3aBucumocTH OT cBOEro (PyHKIMOHAJIbHOTO Ha3HAYECHUS MOAYJHU pac-
CMaTpPUBAEMOM MOJICUCTEMbI (PYHKIIMOHUPYIOT KaK B aBTOMATHYECKOM, TaK U B
aBTOMATH3UPOBAHHOM pexume. B mocnennem ciaydae s ux paboTel TpedyeTcs
MPUBJICYCHUE ONMPEICICHHOr0 o0beMa JOMOJHUTENbHONH HHpopManuu (W), B
TOM YHUCJIE U CYOBEKTUBHOIO XapaKTepa.
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MBxH
- l -
T MO3 | | MPO
l I
- -+ \| +
MITKO — MIID MIICO
| |
+ +
- MPO3
Il
mi—| MOP
.
HH — MBeIxH

Puc. 4.5. Cmpykmypnasa cxema noocucmemot onmumuzayuu npoekmupoeanusn TIT
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T'JIABA 5
BU3YAJN3AIIUS BBICOKOYPOBHEBBIX
IMPEJCTABJIEHU KOPITYCHBIX MEBEJIbHBIX
U3JIEJIMA U AHCAMBJIEA

[To3zaka3zHoe MpOMBIIIJIEHHOE MPOU3BOJICTBO CJIOKHOM KOpPIYCHOU Mebenun
MpEeAbABIAECT MOBBIIIEHHBIE TPEOOBAHUS K MPOIECCaM MPOECKTUPOBAHMS U U3TO-
TOBJICHMS M3JEIUI, TpeArnoiaras Mpyu 3TOM HCIO0JIb30BaHUE 00Jiee THOKUX CXEM
B3aMMOJCHCTBUS KOHEUHOTO MOTpeOUuTess MeOeIbHON MPOAYKIIMU C €€ MPOUu3-
BOJUTENEM, YEM TpPAAUIMOHHBIE. KIIOUeBBIM 3BEHOM JAHHBIX CXEM SIBISETCS
npoleaypa IpueMa UHAMBUAYAJIbHBIX 3aKa30B Ha U3rOTOBJIECHUE KOPIYCHON Me-
0enu, SIBIAIOMIAsACS HEOTHEMIIEMOM COCTABHOM YaCThIO Mpoliecca PEMHKUHUPUH-
ra IpOTOTUITHBIX MEOEIIbHBIX WU3EITHIA.

[Ipu mpueMe MHAMBUAYAIBHBIX 3aKa30B BAXKHYIO POJIb UTPAET BU3yalu3a-
s (T.e. MOCTPOCHUE M300pAKEHUS) TEeOMETPUICCKUX MOjIelieii MeOeIbHBIX H3-
JENUI KaKk Ha 03HAKOMHUTEIIbHOM 3Tare - MpHU BbIOOpEe HEOOXOIMMBIX MPOTOTHUII-
HBIX MOJeNel 3 0a3bl JAHHBIX, TAK M Ha 3aKIIOYUTEIBHOM - MPH JEMOHCTpa-
MU 3aKa34yMKaM MOATOTOBJIECHHBIX MPOEKTOB MHTEphEPOB nomemieHut. C yue-
TOM 3TOr0 aKTyaJdbHBIM SIBIIIETCS MOMCK HOBBIX IMOJXOJOB K PEUICHUIO 3aJayud
KAUeCTBEHHOW BU3YyaJIM3allUM TE€OMETPUUYECKUX MOJeNIel MeOenu B YCIOBHIX
ro3aka3zHoro npoektupoanuss KMHUA.

5.1. IloHsiTHEe reOMETPHUYECKOTO0 AAPAa MOAeTHUPOBAHNS

B cucTeMax reoMeTpuyecKoro MOAECIMPOBAHUS, JICKAIIUX B OCHOBE CY-
mectByromux CAIIP xkopnycHoit mMeOenu, UCTONB3YIOTCS pa3IuyHble METOJbl
BHYTPEHHETO M BHEIIHETO MpEJCTaBICHUsS OOBEKTOB IMPOCKTUPOBaHUSA. BHyT-
pEHHEee MpEeNCTaBICHUE - MaTeMaTH4ecKash MOJENb, OMUCHIBAIOLIAs T€OMETPH-
YECKHE CBOICTBA 00BEKTA C TOM WM MHOW CTENEHbIO aJ€KBATHOCTU PEaTbHOMY
MaTepuaibHoMy ((u3mueckoMy) oObeKTy. BHemHee mpeacTaBienue - u300pa-
XKeHHe 00bEeKTa MPOEKTHUPOBAHHU, 0OTOOpaKaeMOe Ha dKpaHE MOHUTOPA WM BbI-
BOJMMOE Ha MPUHTEP.

B npocrteiiiiem cirydae reomerpudeckas (BHYTPEHHSS) MOJEIb, OMpee-
nstomias GopMy o0bEKTa MPOSKTUPOBAHUS, MPEJCTABISAETCS B BUIE MHOKECTBA
JUHUNA M KOHEYHBIX TOYEK, OMUCHIBAEMBIX HA0OOPOM YpaBHEHHMU KPUBBIX, KOOP-
JMHAT TOYEK W MHOOPMAIMU O CBA3HOCTU KPHMBBIX M Touek. MHQopmanus o
CBA3HOCTU HEOOXOJMMa JJisi PEIIeHHs] BONPOCa O MPUHAICIKHOCTH TOUYEK KOH-
KPETHBIM KPUBBIM, a TAKXKE O MEPECEUCHUN PA3TUYHBIX KPUBBIX JIPYT C APYTOM.
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CooTBeTcTBYIOIIAs BH3yalibHas (BHEIIHSSA) MOCNb MPEACTABIICT COOOM Kap-
KacHBIN uyepTek (popMbl 00bEKTa MPOSKTUPOBAHUS, OCHOBHBIM HEIOCTATKOM KO-
TOPOTO SIBIICTCS HEOTHO3HAYHOCTh €€ BU3YaJIIbHOW HMHTepmperanuu [122, 127,
128]. BboapmmucTBO cymecTByrommx CAIIP kopnycHOit MeOenu BKIIOYAIOT
kapkacHoe (Wireframe) momennpoBaHue Kak MPOCTEHIINN ¥ HanboJiee OBICTPBIM
croco0 0TOOpaKeHUS MPOEKTUPYEMBIX OOBEKTOB.

bonee crnoxHOW sBAsSeTCSs TeoMeTpuueckas MOJENb, BKIIOYAlOmias He
TOJILKO WH(OpPMALIUIO O XapaKTEPUCTUICCKUX JTUHUAX M MX KOHEUYHBIX TOYKAX,
KaK B clly4ae KapKacHOTO MOJEIHMPOBAHUs, HO W CBeICeHHs O (opMOooOpasyro-
X TMTOBEPXHOCTIX 00BEKTa MPOESKTHUPOBAHUS M MX CBI3HOCTU. MHDOopmarus o
CBSI3HOCTH TOBEPXHOCTEH BKIIIOYAET B c€OS CBEICHUSI O KPUBBIX, IO KOTOPBIM
COTIPATAIOTCS IOBEPXHOCTH MOJCIUPYEMOT0 00BbeKTa. B psae ciaydaeB 3Tu AaH-
HbIC OKa3bIBAIOTCS YPE3BBIUYAWHO TIOJIE3HBIMHU, HANpUMEp, TpH pa3padboTkKe
yIpaBIAIONIEH MporpaMmbl i AepeBooOpabaTeiBatomiero crtanka ¢ YIIY onu
MOMOTAIOT PEIINTh BOMPOC O (popMe TpaeKTOPUU MEepeMeIIeHHs] paboyero HHCT-
pyMeHTa ¢ TeM, 4ToObl (ppe3a He 3a/eBasia MOBEPXHOCTH, MPUMBIKAIOIINE K 00-
pabatpiBaemoii. Heo0X01MMO OTMETUTH, YTO, €CIIM MPU BU3YATH3AIMU TTOBEPX-
HOCTHOM (Surface) mozenu He BBITIOJHUTH 3aKpacKy M 3aTyllIeBbIBaHHE 00pa-
3YIOIIUX €€ MOBEPXHOCTEH, TO 0OBEKT OyJeT BHITIAACTh MOYTH TaK, XKE Kak U B
cilydae KapKacHOTO MOJIEITHPOBaHMS.

Haubosnee ciioxHOW ¥ COBEpIICHHOU sIBJsIeTCS TBepaoTenbHas (Solid) mo-
7eNb 00BEKTa MPOSKTUPOBAHUS, KOTOpasi, B OTJIMUME OT KapKacCHON WITU MOBEpX-
HOCTHOW MOJIEIIH, MPEACTaBIsICT COO00H HEKOTOPHI 3aMKHYTBIH 00beM (MOHO-
auT). MareMaTu4ecKoe OMUCaHUue TBEPIOTEIBLHON MOJCTH 00BEKTa MPOCKTUPO-
BaHUS COJIEPKUT CBEJICHHUS, TO3BOJISIONINE MOJIYIUTh JIO0YI0 UHPOPMALUIO 00
o0beMe 00BEKTa U, B YaCTHOCTH, O TOYHOM MECTOHAXOXKJICHUH JTIO00M €T0 TOUKH
- CHapyXX", BHYTPU WIW Ha rpaHUIle 00beKkTa. B pe3ynbpTare cTaHOBUTCS BO3-
MOKHOU pa3paboTkKa MporpaMM, OCHOBBIBAIOIIUXCA Ha (OPMHPOBAHMH U WC-
MOJIb30BAaHUU CETKM KOHEYHBIX JIEMEHTOB 00BEMHOTO THUMA ISl MOACIH 00BheK-
Ta B I[EJIOM, a HE TOJIBKO /ISl €€ MOBEPXHOCTEH.

BosmoxxHocTH, obecrieunBaeMble pa3IMYHBIMU BUJIAMU MOJEIEH C TOUKH
3peHUs] KOHEYHOT'O TMO0JIb30BaTelsl (KOHCTPYKTOpa, MPOSKTHPOBIIHMKA), TIPUBEIC-
Hbl Ta01. 5.1 [13].
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Tabnuya 5.1

Bozmoorxcnocmu PA3JTUHYHBIX MUNOB c€EOMEMPUUECKUX Mooenetl uzoenuil

Onepaus Kapxacnas IloBepxHocTHAs TeepaorenbHas
MO/ eJIb MO/1eJIb MO/ eJIb

I'eomerpuyeckue 3aTpyIHUTEIbHBI 3aTpyIHUTEIIbHBI Bo3MmosxHbI
pacyeTsl (BbIYKCIIC- | WM HEBO3MOXKHBI WJIN HEBO3MOKHBI
HHUEe 00beMa, JUTH-
HBI)
I'enepanus BuAOB Jnst KOHTpOIIA Jnst KOHTpOJIA Bo3moxHa
(mepcnektuna, da-
caJi, BUj cOOKy)
VY nanenue ckpbIThIX | BpyuHyro Bo3moxHO (3aBucuT | Bo3MoxxHO

qyacTeu

OT croco0a 3axaHus
TIOBEPXHOCTH)

Pazpessl

JI1g KOHTpOJIA

Jnst KOHTpOJIA

Bo3mosxHBI (¢ aBTOMA-
TUYECKUM BBIIIOJIHE-
HUEM IITPUXOBKH)

Iloaroroska ymnpas-
JAOIIMX IPOrpaMM
Jutst cTadkoB ¢ UITY

JI11 KOHTpOJIA

Bos3moxxHa aBToma-
TH3AIUA

Bos3mosxkHa aBToMaru-
3a1usd

Pa3mepHsble neny, Jnst KOHTpOJIA Bo3moxxHBI Bo3moxHBI
JOTYCKH
[Tposepka nepece- | Busyanbnas (c Bo3- | Busyanbnas (He Bce | Bo3mosxxHa

YeHUU

MOKHOCTBIO 3aKJIFO-
YeHUSI 0OBEKTOB B
napajuieJICIUIICIbI )

00BEMBI OTIpeIeIe-
HBI)

Bo3MoOXHOCTE 13-
TOTOBJIEHUS U3/E-
TS

He rapantupoBana

He rapantupoBana

MoskHo (moTeHInab-
HO) MIPOBEPHUTH BO3-
MO>KHOCTb U3rOTOBJIE-
HUs

N3mepenus

Ha nexoropsix Bu-
nax (Hanpumep, u3-
MEpPEHUS paCCTOAHUMN
MEX1y TOYKAMH)

Ha nexortopsix Bu-
nax (Hanpumep, u3-

MEpPEHUS pACCTOTHUMN

MEXTy TOYKaMH U
BBIYHCJICHHE IUIOIA-
nei)

Bce uzmepenus mox-
HO (MOTEHIINATILHO)
BBINOJHATH TOYHO

5.1.1. Knaccudukanus siiep reoMeTpuIecKOro Moe JMpoOBaHUs

Jl5is ocymiecTBICHUS BU3yaIM3allid 00BEKTa MPOSKTUPOBAHUS B COCTaBE
CAIIP, xak mpaBWiio, BBIJEISIETCS Tpaduueckas MoAcucTemMa, padboTa KOTOPOM
OCHOBBIBA€TCSI HA WCMOJIb30BAHUM OJHOM WM HECKOJBKHX CIELHUAJIbHBIX T'pa-
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¢udyecknx OMOTMOTEK, 0Opa3yIOIMMX TaK Ha3bIBAEMOE SAPO T€OMETPUUYECKOTO
MOJICJIMPOBAHUS, WIH KOpoYe - TreoMeTpuueckoe (rpaduueckoe) sapo.

'eomeTpuyeckoe sSapo - OSTO OMOIMOTEKAa MaTeMaTHYECKUX (QYHKIIUMA
CAIIP, xoTopas omnpenaeisieT OCHOBHbIE T€OMETPUUECKUE OOBEKTHI, BHITIOJHSIET
KOMaH/bl MOJIb30BATEIISA, COXPAHSET PE3YyIbTaThl MOJIECIUPOBAHUS U OTOOpaKaeT
UX Ha SKpaHe MOHUTOPA.

B HacTosiee BpeMs pa3inyaroT TPU THIA T€OMETPUUECKHUX sA/ep: JULIECH-
3UpyeMbIe, YaCTHBIC W JOCTYIHBIC B HCXOmHOM Kojae [129]. Jlunensupyemsbie
Tr€OMETPUYECKHE siApa pa3padaThIBAIOTCA CIEUATU3UPOBAHHBIMU IMPOTPAMM-
HBIMU (PUpMaMH C TEBI0 MOCIEAYIONICH MPOJaXu JTUIEH3UN HA UX UCIIOIB30-
Banue B coctaBe CAIIP, paspabateiBaemMbix npyrumu Qupmamu. Hampumep,
xommanueir UGS (panee mmenoBasmieiics Unigraphics Solutions) paspatdortano
reoMerpuueckoe sapo Parasolid, kotopoe ucmonp3yeTcss B TaKMX €€ CUCTEMax,
kak Unigraphics u Solid Edge. Bmecte ¢ Tem yuiieH3un Ha MCIOJIb30BAHKUE ATO-
ro sigpa ObUIM TPUOOPETEHBI U PSNIOM APYTUX U3BECTHBIX KOMIAHUHM, BKIIIOYAS
CADMAX Corp. (True Solid/Master), SolidWorks Corp. (SolidWorks) u poc-
cuiickyto komnanuo «Ton Cuctembr» (T-Flex). JIpyrum, He MeHee U3BECTHBIM
MPUMEPOM JIULEH3UPYEMOT'O TE€OMETPUUYECKOIo sijipa, sBIseTca OubImorTeka
ACIS 3D Geometric Modeler (Spatial/Dassault Systemes).

YacTHble TeOMETpUYECKHE sipa pa3pabdaThiBAlOTCS U MOAACPKUBAIOTCS
pa3paboOTYMKAMU UCKIIOYUTEIBbHO JJISl MCIOJIb30BaHUA B COOCTBEHHBIX MPHUIIO-
#eHusaX. OCHOBHBIM MPEUMYLIECTBOM IMOJOOHBIX sep fABIsETCs Ooiiee riay0o-
Kas HHTeTpalys uX ¢ nmojb3oBareilbckuM uHTepdeiicom CAIIP u, kak pe3ynbTar,
0OJIbIIIMEe BO3MOXHOCTH YIPABJICHHSI CUCTEMOM, MPEIOCTABIISIEMbIE TTOJIb30BATE-
M. Tlpumepamu yactHbIX saep sBisitotest: thinkdesign kernel (pupma think3,
Inc.) u VX Overdrive (Varimetrix Corp.).

['eomeTpuueckue sifpa, TOCTYIHBIE B UCXOJHOM KOJI€, MOA0OHBI JIMLIEH3U-
pPYEMBIM SijpaM, MOCKOJIbKY OHU TaKKe pa3padaThIBAIOTCSA U MOAJEPKUBAIOTCS
CHEIUATN3UPOBAHHBIMH MTPOTPAMMHBIMU (PHIpMaMHu ¢ ENBIO TTPOIAKH JIUIICH3UM
Ha MX UCIOJIb30BaHUE APYTUM KOMIMAaHUSAM. OTINYUE COCTOUT B TOM, 4YTO pa3pa-
00TYMKH 00ECTIEUYMBAIOT MPHU 3TOM HCXOIHBIN KOJ sAnpa, T.e. GUPMBI, KOTOpHIC
MMEIOT TPYIIYy COOCTBEHHBIX MPOTPAMMUCTOB, MOJIYYalOT BO3MOXKHOCTH CaMO-
CTOATENbHO HACTPaWBaTh SAPO, MPUCIIOCAOINBAs €T0 MO Crenu(pUuIecKrue 0co-
OeHHOCTH cBoeil cuctembl. Hanbosiee M3BECTHBIMU MpPUMEpPaMU sijiep, AOCTYII-
HbIX B HcxomHoMm koze, sBisiorcs Open CASCADE (Matra Datavision) u
SMLib (Solid Modeling Solutions).

B Tabn. 5.2 naH mepedyeHb OCHOBHBIX THIIOB fJIE€p, UCIOIB3YEMBIX B CO-
BPEMEHHBIX CHCTEMAX Fr€OMETPUUYECKOTO MOJAEIUPOBAHUS .
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Tabnuya 5.2
OcHoHble munbl si0ep 2eoMempuiecko20 MoOeIupo8anus
Anpo Pa3zpaboTuuk Web-caiir Tun siapa
ACIS 3D Geomet- | Spatia/Dassault | http://www.spatial.com/ Jlunensupyemoe
ric Modeler Systemes
Open CASCADE | MatraDatavision | http://www.opencascade.org/ | loctymHo B uc-
XOOAHOM KOJ€
Parasolid UGS http://www.parasolid.com/ Jlunensupyemoe
SMLib Solid Modeling http://www.smlib.com/ JlocTymHO B wHc-
Solutions XOIHOM KOJIe
thinkdesign kernel | think3, Inc. http://www.think3.com/ YacTHoe
VX Overdrive Varimetrix Corp. | http://www.varimetrix.com/ | Yactaoe

5.1.2. Ilpumep opraHu3auuu siApa reoMeTPUUYECKOTO MOIeJTUPOBAHM A

OnuH U3 BO3MOXHBIX BAPUAHTOB OOIICH apXUTEKTYpPHI sIpa reoMeTpuye-
CKOT'0 MOJICIMPOBAHUS MOXET OBITh MPEJACTABICH CXEMOM, MMOKa3aHHON Ha PHC.
5.1. JlanHblid BapuaHT MpeaycMaTPHBAECT KOMIIOHEHTHBIM MOAXO0J K 3ajade I10-
CTpOEHUS Spa, MPEIHA3HAUYCHHOI'O JJIsA MCIOJb30BaHHUS BHEIIHMMH Ipadude-
ckumu cuctemamu [130].

Plug-In oubnmmnorexu

HNHuTtepdeiic BHEMTHIX OMOIMOTEK

AAPO T’EOMETPUYECKOI'O
MOJIEJIMPOBAHUA

biok BUpTyanbHOM CLEHBI

bnok kondurypamuu

biox Bu3yanusaropa

NHutepdetic pazpadboTunka

Puc.5.1. Obwan apxumexkmypa a0pa zeomempuuecko2o Mooeauposanus

B3auMmojeiicTBHE T€OMETPpUYECKOTO sipa ¢ BHEIIHEH Tpaduueckoil cuc-
Temoi (Hampumep, KoHCTpykTopckoit CAIIP) ocyrmiecTBiseTcss uepe3 HHTEp-



http://www.spatial.com/
http://www.opencascade.org/
http://www.parasolid.com/
http://www.smlib.com/
http://www.think3.com/
http://www.varimetrix.com/
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(elic, mpencTaBIeHHBIN HA00POM (GYHKITUM, KOTOPBIM MO3BOJISET pa3pabOTUUKy
CUCTEMBI YIIPABIATh OOBEKTAMH SiAApa U SIAPOM B LIETIOM.

['eomeTpuyeckue OOBEKTHI - OCHOBOIMOJATAIOUIUE AJIEMEHTHI, OIpee-
JSIONIME BO3MOXHOCTH fJipa M HUCIOJNB3YIOMEH ero rpaduyuecKoil CHUCTEMBI.
NmeroTcst pa3nuyuHble CIOCOOBI TSl MPECTaBICHUS TEOMETPUUECKIX 0ObEKTOB.
Hanpumep, misi MonenupoBaHusl MOBEPXHOCTHBIX MOJENIEH MOMXHO HCIOJIb30-
BaThb OTHOCUTEIBHO MPOCTOM CMOCOO, UCTOJIb3YIOMMM MOJTUTOHAIBHBIE MOJEIN
(TOBEpXHOCTHBIE CETKH), W 0OJice CIIOKHBIA - Ha OCHOBE IapaMETPHUECKHUX
NURBS-nosepxHnocteii (Non-Uniform Rational B-Spline surfaces - neoauopo-
HBIC PallMOHAILHBIC MIOBEPXHOCTH, ONpeeiseMble B-craliHaMu), sBISIOMUXCS
00001IeHHEeM M3BECTHBIX MOBEPXHOCTEW: MHOTOIPaHHOM OWJIMHENHON moBepX-
HOCTH, TOBEPXHOCTH be3be, MOBEpXHOCTENW BTOPOro MOPSAKA, pPaluOHATIbHBIX
noBepxHocTei [127].

JInst mpencTaBiaeHus CILUIOUIHBIX TEI MOTYT MCIOJIb30BAThCS METOJbI Jie-
KOMIIO3HUIIMN OOBEKTOB Ha 3JIECMEHTApPHBIC COCTaBIsOIINE (HAPUMED, BOKCEIh-
HOE TMpeJCTaBlICHNE, OMHAPHBIC U OKTAPHBIC IEPEBbS), METOIbI KOHCTPYKTHBHOM
reOMETPHH, TPaHUYHOE (TOBEPXHOCTHOE) MpeacTaBiieHne. CaMbIM MPOCTHIM SIB-
JseTCsl TPAaHUYHOE MPEACTaBICHHE, ONMPEEIAIONIee CIUIOMHONW OOBEKT MyTeM
yKa3aHUs ero BepliuH, pedbep u rpaneil. Heobxonumoe ycioBue i MPOBEPKU
MPaBUIHLHOCTH TPAHUYHOTO TMPEJCTABICHUS T€OMETPUUYECKOTO OOBEKTa MOKET
OBITh 3aJ]aHO C TIOMOIIIBIO opMyItbl Ditnepa [131]:

V-E+F-H=2:(C-G),
rae V - KOJIM4eCTBO BEPILUH;
E - xonuuecTBO pedep;
F - konmuuecTBO rpaHei;
C - KOJINYECTBO KOMIIOHEHTOB,;
H - xonM4yecTBO HECKBO3HBIX (TIIyXUX) OTBEPCTHUH;
G - KOIMYECTBO CKBO3HBIX OTBEPCTHUH.

briok BUpTyanbHOU CIIEHBI, BXOASUIMNA B COCTaB siApa T'€OMETPUUYECKOTO
MOJCITUPOBAHUS, COAEPKUT HMH(MOpMaIMi0O 000 BCEX HCTOIB3YEeMBIX OOBEKTaX
CIICHBI, a TaKKe 00eCIeYMBaeT YIpaBJCHUE 3TUMU OObEKTaMU W ClieHOW (Ha-
npuMep, IepeMelicHue, BpalleHHe U MacinTabupoBanue o0bekToB). CaMa CricHa
- 3TO uepapxus Yy3JIOB, KOTOPbIE MPEIACTABIAIOT OOBEKTHI - OCHOBHBIE M BCIIO-
MoraTeJibHble (KOHHEKTOPBI, UCTIOIB3YIONIUECS IS TIOCTPOCHUS CIIOKHBIX Teo-
METPUUYECKUX CUCTEM; KaMephbl WJIM UCTOYHHMKH - JUIsl BU3yanu3anuu). [ y3-
JIOB OMpe/IeNICHbl TaKKWE ONepaluy, Kak 100aBJIeHUE y3Jla B UEPAPXUIO U yJalie-
HUE y371a U3 hepapxuu. MaremMaTHueckuil anmnapaT OJloKa BUPTYyaJbHOW CIIEHBI
0asupyeTcsa Ha MaTpUYHBIX oneparuax. C KaxAbIM Y3JIOM CLIEHbl aCCOLIMUPYET-
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Csl MaTpuIla, KOTOpas 3a/1aeT TMOJ0KECHHE U OPUEHTAIMI0 O0OBEKTAa B CIICHE WM
OTHOCHUTEIHFHO POJUTEIHCKOTO AIEMEHTA.

brokx koHdurypanuu coaep>KuT UHGOpMAIHIO 00 OKHAaX, pa3JIMYHbIX Ha-
CTpOMKax W MapaMeTpax CIeNHaTbHBIX BU3YAIbHBIX d(P(EKTOB, a TAKKE BHITIOJ-
HSIET TOATOTOBUTENBHBIC EUCTBUS TIEpE] BBHIIOJHECHUEM BU3Yyaln3alluu CIIECHBI,
HampuMep, pacrpeaeeHne 00bEeKTOB CIIEHBI 10 CIIOSM B 3aBUCUMOCTH OT HUX
MPO3PAYHOCTH. 3aTEM ITHU CIIOU MOCIIESAOBATEIHHO MOAIOTCS HAa BXO OJ0Ka BU-
3yanu3atopa. Pactipenenenue oOBEKTOB MO CJIOSM BBHITIONHSAETCS C LEIbIO OINTH-
MU3AIMH Tpoliecca BU3YyaIH3alllH, MOCKOIbKY WHA4YEe MPHUIILIOCH OBl OCYIIECTB-
JSITh OTOOpaKeHHE B HECKOIBKO MPOXO/IOB.

brnokx Bu3yanuzaTopa, MpeaCTaBisis KOHEUHOE 3BEHO B CTPYKType sapa
T€OMETPUUYECKOTO MOJCITUPOBAHUS, SBISETCS HE0OsA3aTEIHLHBIM B TOM CMBICIIE,
9T0 (paKTHUECKH paboTa siapa MOXKET MPOUCXOIUTh M Oe3 Hero, T.€. pe3yabTaT
MOJICTTUPOBAHUSI MOXKET OBITh COXpaHEH B (pailyie Ha TUCKE, a He OTOOpakeH Ha
sKpaHe MOHUTOpA. BcTpanBanue 6510ka BU3yann3aTopa B COCTAB siapa MO3BOJISIET
CHU3HUTh TPYJOEMKOCTh pa3paboTku rpaduyeckort moacuctemsl CAIIP. bmok
BH3yalln3aTopa MOXKET HACTPaMWBaThCs Ha OMpe/IeNieHHbIe TpauuecKue CcTaHaap-
ThI, HanipumMep, OpenGL wiu DirectX (cm. Huxe).

bnok BHemrHux (plug-in) 6uOIMOTEK, 00CCICUMBAIOIIMIA OMPEACICHHYIO
ruOKOCTH sI/Ipa, BKIIOYAET B ceOsl:

- OMOIMOTEKYy CTaHTAPTHBIX NMPUMUTUBOB (Hampumep, chepa, mapasie-

JeTHIe 1, KOHYyC, Tpu3Ma, IupaMua, MHIHH/D);

- OMOIMOTEKY PACIIMPEHHBIX MPUMUTUBOB (HAPUMED, TOJBIH UIUHP,
TOP, YCEUCHHBIN KOHYC U APYTHE);

- OMOIMOTEKY JMHAMHYECKHX MPUMUTHUBOB (OOBEKTHI, TOJyYaeMbIC Me-
TOJOM KHHEMAaTUYECKOTO BpAIICHHUS KPUBOH BOKPYT HEKOTOPOH ocH
WIKM METOJOM NPOTATUBAHUS KPUBOW BIOJh HEKOTOPOW HAIpaBisio-
Lwei);

- OMOIMOTEKY COCTaBHBIX OOBEKTOB (cO3MaHUME OOBEKTOB C TMOMOIIBIO
WCIIONIb30BaHUs OYJEBCKUX OIepanuid OOBEIUHEHUS, MepecedeHus: u
BBIUUTAHU);

- OmOnMoTeKky BHeIIHUX (popmaToB (Haiios;

- OuOJIMOTEKY MOJb30BATEIbCKUX MPUMHUTHUBOB.

WuTtepdeiic Mexay BHEIIHUMU OHOIMOTEKAMH U SAPOM, BO-TIEPBBHIX,
o0ecreynBaeT JEerKoe TMOJKIIoUeHne OMONMMOTEK, pacUIUpSIoNmMX (QyHKIHO-
HAJIBHOCTH S7Ipa, HE OKa3bIBas MPU TOM BIUSHUA Ha (PYHKIIMOHHUPOBAHHE CAMO-
O Si7Jpa; BO-BTOPBIX, MPEIOCTABISAET SAPY MHPOPMAIMIO O KOJTUYECTBE, MMEHAX
U mapameTpax (yHKIUN, COAEpKAIIMXCS B MOJAKIIOYaeMbIXx OuOmmorekax. [lpu
BBI30BE KaKOW-TM00 PYHKIIMU U3 BHEIIHEW TpaduuecKoil CUCTEMBI SIAPO CMOXKET
TakKUM 00pa3oM OTHICKATh €€ B COOTBETCTBYIOIIEH OMOINOTEKE.
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Wntepdeiic paspaboTunka, oOeCreUNBAIOIMIMNA B3aMMOJICUCTBUE sA/Ipa C
BHEIITHEW TPpapUIECKON CUCTEMOM, MOKHO TMOAPA3JACIUTh HA CIEAYIONIUE TPyII-
61 ) YHKITUH

- HMHUIMWAIU3alus sapa U BU3yallnu3aTopa,

- ymOpaBieHHe KOH(pUTypanuen sapa,

- yIpaBJICHUE CLIEHOW U OOBEKTaMH.

Nunnmanuzamnus sapa npeanosiaraet 3arpy3ky HeoOX0AUMBbIX OMONIHOTEK,
WHUIMATN3AINIO CIIEHBl U KoHpurypamnuio sapa. [lpu ynpasnenuun koHpurypa-
UMel siApa BBINOJIHIETCS HACTPOMKa MOJIb30BATENIbCKUX OKOH BU3YyalU3alllH,
CO3/IaHue CIeNUadbHBIX d(H(PEeKTOB CclieHbl (TaKUX, HAIPUMED, KaK TyMaH), BbI-
BOJI HA DKPaH CIEIUAIbHBIX BCIIOMOTATEIbHBIX CPEACTB (HampuMep, ceTka, OCH
KOOPIHWHAT U Apyrue). YmpaBicHHE 00bEKTaMH BKJIIOYACT B ceOs Takue orepa-
1IMY, KaK MepeMelIeHue, BpalleHue U MaclITabupoBaHue 0ObEKTOB, 100aBICHUE
00BEKTOB B UEPAPXUIO CIICHBI U YJAJICHHE U3 HEe, a TakKe (PYyHKIHHU, KOTOPHIC
MPEIOCTABISIOT BHEIIHUE OUOJIUOTEKH.

Takum oOpa3oM, ONMMCAHHBIA BbIIIE TOAXOJ, OCHOBBIBAIOIIMIICS HA KOM-
MOHCHTHOM TEXHOJOTHH Pa3pabOTKH MPOTrPaMMHOTO OOECIEUYEHUSs, TO3BOJISICT
CO3/1aBaTh KOMITAKTHOE, XOPOUIIO YIPaBIIEMOE, paclIupIeMoe SIAPO T€OMETPH-
yeckoro monenupoBanusi. [logoO6Hoe SAp0 MOXKET UCIOIB30BaTHCS B KaueCTBE
OCHOBBI JIJIs TIOCTPOEHUSI TPAPUIECKON MOJCUCTEMBI JTI0O0H KOHCTPYKTOPCKOM
CAIIP.

5.1.3. CranpaptHble rpadpuyeckue 0UOIUOTEKH

Psin reomeTpuueckux siaep, paCCMOTPEHHBIX BBIINIE, UCTOIB3YIOT B Kade-
CTBE CBOCH OCHOBHOH TIaTGOPMBI HU3KOYPOBHEBBIE TpaduuecKre CTaHAAPTHI,
HaMOOJIBIIIYIO U3BECTHOCTh cpei KOTophIX moayumwin OpenGL u DirectX.

I'padpuuecknii crangapt OpenGL

I'papuueckuii cranmapr OpenGL (Open Graphic Library - ortkpsitas
rpapuyeckas OMOIMOTEKa) - TPOrPaMMHBIH HHTEpQEHC, MPETOCTABISIONIHIA
JOCTYI K TpaUYecKUM YCTPOWCTBAM M CIIPOCKTUPOBAHHBIN TaK, YTOOBI OBITH
OJTHOBPEMEHHO MAaKCHMaJIbHO HE3aBUCHUMBIM U OT CHEHU(UKH OMEPAIIMOHHON
CHUCTEMBI, I OT OCOOCHHOCTEH aIllmapaTHBIX OINepamnuii. ITOT nHTEepdeiic odecne-
YUBAET BO3MOXXHOCTH IS 3aJaHUs JABYX- U TPEXMEPHBIX rpaduueckux oObek-
TOB BMECTE C KOMaHAaMH, KOTOPBIE YIPABISIIOT OTOOPaKEHUEM TUX OOBEKTOB.
bubnnorexa OpenGL He coaep UT BBICOKOYPOBHEBBIX KOMAHJ ISl OMUCAHMUS
CJIOKHBIX TPEXMEPHBIX OOBEKTOB; BMECTO 3TOr0 OHa oOecrneuynBaeT HabOp reo-
METPUUYECKUX MPUMUTHBOB - TOYEK, JIMHUH W PA3IUYHBIX MHOTOYTOJIBHUKOB
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(MTOJTMTOHOB), KOTOPBIE B COYETAHUU APYT C APYTOM TO3BOJIAIOT CTPOUTH OoJiee
cJIoKHBIe MoJienu [132].

Pa3zpaborunkom Ooubamorekn OpenGL seusercs ¢pupma Silicon Graphics
Inc. (CIIA). IepBas Bepcus OpenGL 6wuia npexacrabiieHa B 1992 1., u ¢ Tex
nop 9Ta rpaduyeckas OMOIMOTEKA MOTyUYUIia IMPOKOE pacrpocTpaHeHue, (ax-
TUYECKH CTaB WHAYCTPHUAIBHBIM CTAaHIAAPTOM JUIS PA3JIMYHBIX THIIOB KOMITBIOTE-
poB U omepanroHHbIX cucteM. [IpenmectBennuneir OpenGL Obuta ammapaTHO
He3aBucHuMas Tpadudeckas oudmmoreka IRIS GL, Takxe pazpadorannas Silicon
Graphics, mo3BoyiuBIIas MPAKTHUYESCKH OMPOOOBATH MHOTHE HJCH, KAaCaIOIIUECs
TpexmepHo# rpaduku. B Tom xe 1992 r. Opu1 00pa3oBaH KOHCOPIIMYM, TOJIY-
yuBimmi HazBanue OpenGL Architectural Review Board (ARB), Ha koTOpBIii
OblTa BO3JIOXKEHA 3aj/ladya JUIEH3UPOBAHMS M YIPABJICHHS NalbHEUIINM Pa3BH-
tuem OpenGL. B coctaB kKoHCOpIIMyMa BXOAMUT PSII BCEMUPHO U3BECTHBIX KOM-
naHui, cpeaum kotopeix Hewlett-Packard, IBM, Intel, Microsoft, Silicon
Graphics u npyrue.

B HacTosimee Bpems rpadudeckuii ctangapt OpenGL moayun mmpokoe
pacmpocTpaHeHue Omarogaps €ro CJIAeAYIOIINM XapaKTepPHBIM OCOOCHHOCTSM
[133]:

Cmabunsnocms. Jlononnenus u usmenenus B OpenGL peanusyrorcs Ta-
KM 00pa3oM, 4TOOBI COXpaHUTh COBMECTUMOCTH C pa3pabOTaHHBIMU MPHIIOKE-
HUSIMU.

Haoesxiccnocmvs u nepenocumocmp. 1IpunoxeHus, HUCMIOJNb3YIOIINE
OpenGL, rapanTHpyIOT OJWHAKOBBIM BU3YyalbHBIN PE3yNbTaT BHE 3aBUCHUMOCTHU
OT THIA WCTIOIB3yeMOM OINEpPAllMOHHON CHCTEMBl U OpPTaHM3alliid OTOOpaKEHUS
uHpopManuu. Kpome TOro, 3Tv MpUIOKEHUSI MOTYT BBITIOJIHATLCS HA Pa3HOTHII-
HBIX BBIYHMCIUTEIBHBIX CUCTEMaX, HauyMHAas C TMEPCOHAIBHBIX KOMITBIOTEPOB H
3aKaH4YMBask CYNEPKOMITbIOTEPAMH.

Jezkocmv npumenenusn. Crangapt OpenGL wumeer mnpoayMaHHYIO
CTPYKTYpPY U MHTYUTHUBHO TMOHSATHBIN MHTEp(EiC, 4TO MO3BOJIICT CO3aBaTh 00-
nee 3¢ dexTUBHBIC MPUTOKEHHS, Ye€M C HCTOIB30BaHUEM JIPYTUX TPAPUUISCKUX
OMOINOTEK.

I'padpuueckuii crangapt OpenGL peann3oBan B Buae Habopa OHOINOTEK €
HU3KOYPOBHEBBIM SIJIPOM, TMPEACTABICHHBIM OCHOBHO# OmOamorekorr (GL),
Bkirouaromieit okono 200 xomaua. Eme 6omee 50 xomann comepxutcs B Ou6-
aunotreke OpenGL Utility Library (GLU), npennasnaueHHO#M 11 MOAEIMpOBa-
HUS KPUBBIX U TIOBEPXHOCTEH M BKITIOYAIOMICH ST CIICIIMATLHBIX HHCTPYMEHTOB,
taknx kKak BeraucanTenu 1 NURBS. Heo0xomumo oTrMeTuTh, YTO OMOIHOTEKA
GLU sBnsieTcst cTaHAapTHOM COCTABIISAIOIICH JTF000M peanu3anuu OpenGL [134].

Bce ¢dyaknmm ocHoBHOM OmoOnmorekn GL rpadudeckoro craHmapra
OpenGL M0kHO pa3aenuTh Ha cleayroue maTh kareropui [ 133]:
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DynKyuu ONUCAHUA NPUMUMUEOE, OIPEACIAIONIME HU3KOYPOBHEBBIC
rpadudeckue 00beKThl (IPUMHUTHUBBI), KOTOPBIC CIOCOOHA O0TOOpaXkaTh rpaduue-
CKas moJicuctemMa (Harpumep, TOUKH, TUHUU, MHOTOYTOJIbBHUKY H JIPYTHUE).

DyHKyuu onucanus UCMOYHUKOE ceéema, CIy>Xalllue s OMUCAHUs T0-
JIO’)KEHHUSI ¥ TIapaMeTPOB UCTOUYHUKOB CBETA, KOTOPBIE PACTIONOKEHBI B TPeXMep-
HOU CIICHE.

Dynukyuu 3a0anus ampudymoe, ONnpenecisitolie BUJ BHEIIHETO Mpen-
CTaBJICHUsT OOBCKTOB, OTOOpakaeMbIX Ha OJKpaHe (B KadecTBe aTpHOyTOB
OpenGL mno3BoseT 3a1aBaTh BET, XapaKTEPUCTUKH MaTepuaia, TeKCTyphl, ma-
paMeTphl OCBEILCHUA).

@Dynkyuu eusyanuzayuu, MO3BOJSIONINE 3a]aTh MOJ0KEHUE HalI01aTe-
751 B BUPTYaJIbHOM MIPOCTPAHCTBE, MapaMeTPhl OOBEKTHBA KaMephbl. 3HAHUE ITUX
MapamMeTPOB MO3BOJIAET CUCTEME MPABMWIHHO MOCTPOUTHh M300paKEHUE U OTCEUb
00BEKTHI, OKa3aBIIMECS BHE MOJIS 3PEHUS.

Dyukyuu 2eomempuyecKux npeodpazoeanuil, NO3BOISIONINE BBITTOIHATD
pasnu4HbIe MPeoOpa3oBaHusi 00bEKTOB — MOBOPOT, MEPEHOC, MacIITaOMpPOBaHUE.

B nmononnenne x ocHoBHO# Oubnmorexke GL rpaduueckuit cranmapt
OpenGL o0ecrneunBaeT HECKOIBKO JOMOJIHUTEIBHBIX OmoOmmorek - GLU,
GLUT, GLX u HekoTopble Apyrue. YNMOMsHYyTas BbIllle OMOTMOTEKA YTHUIUT
(GLU), ocHoBbIBasich Ha HH3KOYypOBHeBoW OubOmmoreke GL, peanusyer Habop
0oJyiee CIIOXKHBIX TCOMETPUYECCKMX MPUMHTHBOB (KyO, IIap, MWIMHIP, TUCK H
apyrue), (QYHKIHH TOCTPOCHHS CIUIAHHOB, IOMOJHHUTEIbHBIC OTEpallud Haj
MaTpHIlaMH U T.1.

I'paduueckuii cranmapt OpenGL, sBIsASICH HE3aBUCUMBIM OT MPOTPaMM-
HO-amnmapaTHOW MIaTGOpMbl, HE COJIEPKHUT KAKUX-THOO CTHEIHATbHBIX KOMAH],
o0ecreynBarIMX paboTy ¢ OKHAMH BBIBOJA WM BBOJ MH(POPMAIMH OT MOJIB30-
BaTes (Hampumep, 00pabOTKy COOBITHH KJIABHATYPHI WM MBIIIH). J{is 3TOH T1e-
JY JOTIOJIHUTENBHO CO3/IaHbl ClielMaibHble OUOIUOTEKH, Cpear KOTOPBIX HEOO-
xoaumo orMmetuth Oubmmorexy GLUT (GL Utility Toolkit), paspaborannyio M.
KI/IJ'IFapILOMS. JlanHast OMOIMOTEKAa TpEACTaBIIICT HaOOp (YHKIHH, peaau3yro-
IMX KOMaHABI JUIsl YIIPaBIeHUsS OKHAMU U 00pabOTKHU MOJIb30BATEIHCKOTO BBO-
714, BBITIOJHEHUS psiia CEPBUCHBIX OMEpaluii W CO3JAaHUS HEKOTOPBIX Oosee
CJIOHBIX T€OMETPUUIECKUX O00BEKTOB, UeM obecnieunBaeMbie B OpenGL nmpumu-
THUBHI.

Jna obecnieuenus noaaep:kku OpenGL co cTOpoHBI pa3IMIHBIX OKOHHBIX
OTEpPAllMOHHBIX CUCTEM pa3paboTaH psll CHCTEMHO-OPUEHTHUPOBAHHBIX paCIIIH-

5> Onucanue ¥ UCXOAHbIH Ko Oubnrorekn GLUT moxHo Haiitu B Internet mo CIIeTyIOIIEMY
azapecy: http://www.opengl.org/resources/libraries/glut/. Onucanus ¥ UCXOTHBIN KO JAJIsI HEKOTOPBIX
QIBTEPHATUBHBIX OMOJIMOTEK, TOMOMHAIONIMX U B psie crydaeB 3amerstomux GLUT, MoxHO HaiTh
o azapecy: http://www.opengl.org/resources/libraries/windowtoolKkits/.
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permii: GLX (X Window System), AGL (Apple Macintosh), PGL (IBM OS2
Warp), WGL (Microsoft Windows 95/98/NT/ME/2000/XP).

Kpowme Toro, pynkiuu, cnienupudabie A1 KOHKPETHOWM OKOHHOM MOJICHC-
TE€MBbI, OOBIYHO BXOJST B €€ MPUKIATHON mMporpaMMHbIid untepdetic. [logoOHbIe
byHKIMH, oaaepxuBatonue BeimoaHenrne OpenGL, ects B cocrae Win32 AP
u X Window. O0mas opranuzaius cuctemsl rpaduueckux oudamorex OpenGL,
MPUMEHUTETHHO K UCIOJIb30BAHUIO B Cpejie onepanuoHHon cuctemsl Windows,
MoKaszaHa Ha puc. 5.2.

OyHKIIMOHANBHAS MOAeINb rpadudeckoi cucteMbl OpenGL paspaboTaHa B
COOTBETCTBHH C KOHIENIIUEH «KIUEHT-cepBep». [IpuiokeHue, BrICTyNaloIee B
poN KIMEHTa, BhIpabaThIBaeT KOMaHIbI, KOTOpbie cepBep OpenGL unTepmpe-
TUPYET U BHIMONHACT. [Ipu 3TOM cepBep MOKET HAXOIUTHCA Kak Ha TOM K€ KOM-
MBIOTEPE, YTO M KIHMEHT (HalmpuMmep, B BUJIE ITUHAMUYCCKU 3arpykaemMon Ouo-
motekn — DLL), Tak u Ha apyrom (C BO3MOXXHOCTBIO HCIIOJIb30BAHUS CIICIIH-
JILHOTO TIPOTOKOJIa 0OMEHA JTaHHBIMH).

GLU
GL >
[MpuknagHas / Bydep
nporpaMmma \ Kaapa
GLUT Win32 |
AP
GLX

Puc.5.2. Obwasn opzanuzauusn zpagpuueckozo cmanoapma OpenGL

bubnuoreka GL oOpabatbiBacT u pucyetr B Oydepe kaapa rpadudecKue
MPUMHUTHUBBI (TOYKH, OTPE3KH, MHOTOYTOJIBHUKH M T.1.) C Y4€TOM HEKOTOPOIO
Yuciia BEIOPAHHBIX PEKUMOB, KaXKJIBIH U3 KOTOPBIX MOXET OBITh M3MCHEH He3a-
Bucumo. OnpeneneHrue MPUMUTHBOB, BIOOP PEKUMOB U APYTHE OTMEPAIMHA OTH-
CBIBAIOTCA C TIOMOIIHIO KOMaHI, MPEACTABISAIONIUX COOOW BBI3OBBI (YHKIIHUMA
MPUKIIaHONW OUOINOTEKH.

[TpuMUTHBEI ONIpeAeISIIOTCS HAOOpOM U3 OHOU Miu Oosee BepmuH. Bep-
[IMHA OTIPeNeNsieT TOYKY, KOHEIl OTpe3Ka HIJIM yTroJl MHOTOYrojbHUuKa. C Kax 0
BEPIIMHOM aCCOIUUPYIOTCS HEKOTOPbIE aTpUOYThI (KOOPAWHATHI, IBET, HOPMAJIb,
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TEKCTYpHBIC KOOPAMHATHI U T.I.), PEJACTABISICMbIC OTPEICIICHHBIMU JTaHHBIMHU.
B OonpmmHCTBE ciydaeB 00pabOTKa KakKJAOW BEPIIMHBI BBIMOJHIETCS HE3aBU-
CUMO.

C apxutekTypHoil Touku 3peHus: OpenGL obOpaszyeT KoHBeHep, COCTOs-
M U3 HECKOJIBKUX TMOCJIENI0BATEIbHBIX 2TAroB 00pa0OTKU TpadUUIeCKUx TaH-
HBIX (puc. 5.3).

C mporpamMmmHO# Touku 3peHus, cuctema OpenGL — 3Tto Habop KoMaH[,
MpeIHa3HAYeHHBIX IS ympaBlieHus TrpaduueckuMu ycTporcTtBamu. Eciu yct-
pOMCTBO 0OecmeunBaeT TOJIbKO ajapecyemblii 0ydep kaapa, To OpenGL gomxHa
OBITh peaNn30BaHa MOJTHOCTHIO C HCIOJIB30BAHUEM PECYPCOB IEHTPAIBHOTO
nporeccopa. OObIYHO TpaduyecKHe YCTPOWCTBA MPENOCTABISAIOT Pa3IUYHBIC
YPOBHH YCKOPEHUS: OT ammapaTHOW pealu3alliy BbIBOJA JTUHUNU U MHOTOYTOJb-
HUKOB JI0 M30IIPEHHBIX TpaduuecKux MpOILeCcCOPOB C MOAACPKKONU pa3IMIHBIX
oTepanuii HaJl TEOMETPUYECKUMHU JaHHBIMH.

Kpome toro, OpenGL MokHO paccmaTpuBaTh Kak KOHEUHBIH aBTOMAT,
COCTOSIHHE KOTOPOTO OTMPENEseTCs MHOXXECTBOM 3HAYCHHUH CIElUabHBIX IIe-
PEMEHHBIX M 3HAYCHHUSIMHU TEKYIIeH HOpMaJH, IBETa, KOOPAMHAT TEKCTYPHI U
Ipyrux aTpuOyTOB W Mpu3HAKOB. Bcsa a3ta mHopmaius OyaeT HCIoOIb30BaHA
MIPH MOCTYIUICHUH B TpadUUeCKyI0 CHCTEMY KOOPJIWHAT BEPIIMHBI IJIs1 TIOCTPOE-
HUs (PUTYpBI, B KOTOPYIO 3Ta BepiirHa BXoAUT. CMeHa COCTOSTHUIM MPOUCXOIUT C

MIOMOIIBI0 KOMaHI, KOTOPbIE B IIPOrpaMMe MPEACTAaBISIOTCS KaK BBI30BbI (DyHK-
it [133].

AHHpOKCI/IMaHI/IH KPHUBBIX

Y ITIOBEPXHOCTEN ATpHOYTEI
¢ BEPIITUH
OO0paboTKa BEpIIUH U Hcrounuku
p p <
cOopKa MPUMHUTHUBOB cBETa

v

Pacrepuzauus u
o0paboTka pparMeHTOB

v

Onepaunu Hajg
MUKCEIIMA

v

[lepenaya naHHBIX B
oydep kampa
Puc. 5.3. Koneseiiep oopabomku oannvix cpaguueckoit cucmemvt OpenGL

TekcTypsl
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I'paduueckas cucrema OpenGL ucnonb3yercs B KauecTBE HU3KOYPOBHE-
BOTO IpaU4ecKoro sapa B CUCTEMax TPEXMEPHOTO0 T€OMETPUYECKOTO MOIEIH-
pOBaHUS M TPOSKTHUPOBAHUS, MPOTpaMMax KadeCTBEHHOH BH3yalU3alMH Te€O-
METPUYECKUX OOBEKTOB, MYJIbTUMEJAMUHBIX M WUTPOBBIX mporpamMmax. CHHCOK
HamOoJiee M3BECTHBIX pa3paboToOK, ocHOBaHHBIX Ha OpenGL, mpencraBieH B
Internet mo caexyromemy aapecy: http://www.opengl.org/products/. bubnuoreka
OpenGL dgacTto HEmOCpeACTBEHHO WM OMOCPEACTBOBAHO HCITONB3YETCS B KOH-
crpykropckux CAIIP u, B wactHoctu, B CAIIP xoprycHol Mebenu (Hampumep,
B U3BECTHOH oTeuecTBeHHOU cucTeMe «bA3WC» Bepcuu 7.0, pacCMOTpEeHHOM B
riase 1).

I'paduuecknii crangapt DirectX

Cuctema DirectX paspaborana kopnopanueir Microsoft s ucmonb3oBa-
HUsS ¢ ceMelicTBOM onepannoHHbX cucteM Windows. OHa mpezacTaBiser co0oi
Habop ¢yHknmii APl HH3KOrO YpOBHSI, KOTOpPBIE TIO3BOJISIOT pa3padaThIBaTh BbI-
COKOIIPOU3BOIUTENIbHBIC TPAaPUUCCKUEC U MYJIbTHMEIUNHBIC MPWIOKECHHUS U Oa-
3upyroTcs Ha komnoHeHTHOW TexHoyioruu (COM - Component Object Model).

Texnosorus COM mnpenHazHadeHa sl pa3paOOTKA MPOTPAMMHBIX KOM-
MMOHEHTOB - JABOMYHBIX ucnoiHsembix ¢ainoB (DLL u EXE), xoTopsie npemoc-
TaBJISIOT HEOOXOIUMBIC CEPBUCHI MPUIIOKEHUSAM, OIEPAIMOHHON CHCTEME, JIPY-
rum komnoHeHTaM [135]. TlpenmyrinecTBa UCHOIB30BaHUS KOMIIOHEHTOB 00Y-
CJIaBJIMBAIOTCSA UX CIIOCOOHOCTHIO MOJKIIOYATHCS K MPUIIOKCHHUIO M OTKII0YaTh-
Cs OT HETrO0 BO BPEMs BBIMTOJIHCHHUS, 0€3 MEPEKOMIMISIIIUN U MEPECKOMIIOHOBKH
TIPHUIIOKCHUS.

[To BpemeHu mosiBiIcHHE TepBoi Bepcuu DirectX coBmamaeT ¢ BBIXOJIOM
omneparronHo# cucrembr Windows 95 OSR2 (1996 r.). [TomuMoO mOAIEepIKKH UT-
POBBIX U MYJIbTHMEIUWHBIX Tporpamm, cuctema DirectX riay0oko UHTErpupo-
BaHa B Windows aiist obecrieueHus ee BHYTPEHHUX HYXKII, BKJIFOYAsl MOAAEPIKKY
rpadudeckoro uaTepdeiica noaszosarens (GUI). C tex mop kaxmas HOBas Bep-
cuss Windows, kak mnpaBHJIO, IIOCTABISIETCS C COOTBETCTBYIOIIEH BepCHEH
DirectX u, kpoMe TOro, NMpeaycCMOTpEeHa BO3MOXKHOCTh YCTAHOBKH HOBBIX BEp-
cuii DirectX B panee BwImymieHHbIX Bepcusx Windows. B yacTHOCTH, BBIXOJ
DirectX Bepcumn 10 CBS3BIBAIOT C MOSBICHUEM HOBOW OMEPAIMOHHOW CHCTEMBI
Microsoft Windows Vista

Cuctema DirectX comepxut cieayromme kommoneHtsl [ 136, 137]:

- DirectX Graphics, o0beauHsOMUNE B ce0e BO3MOKHOCTH JIBYX KOMIIO-

HEHTOB 111 padoThl ¢ 2D- u 3D-rpadukoit - DirectDraw u Direct3D,
paHee cyinecTBoBaBIIuX HezaBucuMo (1o DirectX 8.0);
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- DirectX Audio, o0bemuusgrommii B cedbe kommoHeHThl DirectSound,
DirectSound3D u DirectMusic u obecrnieunBaroriuii paboty ¢ orudpo-
BaHHBIMH 3BYKOBBIMH ITOTOKAMH,

- Directlnput, ucronp3yromuiics st pabOThl ¢ Pa3IMYHBIMUA YCTPOKHCT-
BaMH BBOJA - KJIABHATYPOM, MBIIIbIO, JHKOHCTHKOM M IPYTHUMH,

- DirectAnimation, mnpenHasHa4YeHHBIH I CO3JAHUS AHUMAIMOHHBIX
s dexToB;

- DirectShow, o6ecneunBarommii 3aXBaT W BOCIPOHU3BEACHHE IOTOKOB
MyJIbTUME JHa-HHPOpMAIiK (CIKATBHIX ayId0- U BUICOJAHHBIX);

- DirectPlay, mospoasrommii pa3pabaThiBaTh MHOTOIOJIB30BATEIbCKHE
IPHUIOKEHHUS, HAIPUMEP, MHOT'OIIOJIH30BATEIbCKUE MIPHI;

- DirectSetup, comepxamuii mpoctoii Habop ¢ynkuuii API, mo3Bosio-
IIMX YCTaHABINUBATH KOMIOHEHTHI DirectX ogHuM BBI30BOM.

ApxutekTypa cuctembl DirectX, a takxe ee uatepdeiic ¢ mporpaMMHBIM

W ammapaTHeIM oOeclieueHHeM KoMmibloTepa, ympasmsemoro Windows, mpen-
CTaBJIEHbI Ha puc. 5.4.

[Mpunoxenne Win32

v | 8l alid| 8| 3| S| S| al|l8|®
MBI EIE|E|B| 8|2 BBz
| a|“lia|o|ai|a|f|&5]¢g
| | | o | a

i ——— l S ————— i

v DirectX Graphics l DirectX Audio
DDl HEL: ypoBeHb 3MymsIMH alapaTHOro 00ecTIeYeHus

v

HAL: ypoBeHb aOCTpakLuy anmapaTHOro o0ecreyeHus

v

AnnapaTHoe obecreueHue:. 3BYK, BUACO, BBOJ NAHHBIX, XPAHCHUC ...

Puc.54. Apxumexmypa zpagpuueckoit cucmemut DirectX
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[Tpunoxenusi, pa3padboranHble ¢ wucrnoiab3oBanueM Win32 API, moryr
B3aMMOJICHCTBOBATH C amMapaTHBIM 00eCTieUeHINEM KOMITbIOTEpA MO0 C UCTIONb-
30BaHueM uHTepQetica rpaduueckux ycrpoiicts (GDI) u unTepdeiica npaiise-
poB yctporicte (Windows DDI), nubo ¢ ucmonb3oBanueMm cuctembl DirectX.
Btopoii coco6 Gosiee mpennovTUTENEH, TTOCKOIbKY TPEI0CTaBiseT Ooyee BbI-
COKHH YpOBEHBb aOCTparupoBaHusi, oOecreunBas HE3aBUCUMOCTh MTPOTPAMMHOTO
KOJla OT KOHKPETHOH amnmnapaTHOW KoH(urypamuu kommbiotepa. [Ipu aTom pado-
ta DirectX ocHOBBIBaeTCS Ha UCTIOJIB30BAHUU CIICIYIONIMX JIBYX YPOBHEH:

- HAL (Hardware Abstraction Layer - ypoBeHb aOCTpaKIIMH ammapaTHO-

ro o0ecreuyeHus);

- HEL (Hardware Emulation Layer - ypoBeHb SMyJISAIHH aNapaTHOTO

obecrieueHus).

Ypoenr HAL HemocpencTBEeHHO B3aMMOACHCTBYET € TEXHUUYECKUMU
CpeICTBaMHU KOMITbIOTEpa, UCIIONB3YS MJIs 3TOM eI COOTBETCTBYIOIIHME Ipaii-
BEpHI YCTPOUMCTB, a ypoBeHb HEL BBIMOTHSAET MPOTpaMMHYIO SMYIISIHIO TEX af-
nmapaTHbIX (QYHKIIUH, KOTOphIE He moaaepxuBaroTces HAL.

5.1.4. SI3pIk MOAeJIMPOBAHUA BUPTYAJIbHOI PeaJlbHOCTH U MPOrPAMMHbBIE
CPeACTBa ero NoAJAePKKH

OpHUM U3 MEPCTIEKTUBHBIX TOJIXO0I0B K BU3YyIM3AllUd TPEXMEPHBIX 00b-
€KTOB M CIICH, MOJy4YalolNX Bce 0oJiee IMIMPOKOE PaclpOCTpaHEHHE, SIBISETCS
UCIIOJB30BaHUE SA3bIKa MOJICIIMPOBAHUS BUPTyanbHOU peanbHoctn VRML (Vir-
tual Reality Modeling Language) [138], a Takke ero ¢pyHKIIHOHAIBHOTO PaCIIIK-
penus - s3pika X3D. IlepBas Bepcus sa3pika VRML Oputa paspaborana B cepe-
auae 1990-x rr., 3aTeM, CITycTsl HEKOTOPOE BpeMs, MOSBUIIACH €T0 BTOPasi BEPCHUsI
1, HakoHell, B 1997 1. ObUI NPUHAT MEXayHapoaHbiii ctanaapt VRMLI7 [139].
[Ipoekt cTtangapTa 61 MOoAroTOBIEH OObEIUHEHHBIM TEXHUUYECKUM KOMUTETOM
(JTCL), co3mannsiM MexayHapoaHoi opranusanuei mo crangapram (1SO) u
MesxnyHapoaHo# annekTpoTexundeckoi komuccuei (IEC), B corpynnudecTBe ¢
obpazoBanHbiM B 1996 r. Koncopuuymom VRML, B cocTaB KOTOPOTO BOILIH
oonee 35 m3BectHhiX KoMmmanuii (Apple Computer, IBM, Intel, Microsoft, Oracle
U IpyTHE).

S3pik X3D (anrn. eXtensible 3D - pacmmpsiemsiii 3D) BrepBbie ObLI
MPEACTaBIICH MIMPOKOW Hay4dHOUW oOmmecTBeHHOCTH B (peBpane 2002 r. B CIIA
Ha VIl mexaynapoanoi kornbepeniuu «3D Web Technology». Bekope Ha oc-
HoBe Koncoprimyma VRML Obut co3mnan HOBBI koHCcOpunyM - Web3D Consor-
tium, wieHamMu KOTOpPOTO SIBJISIOTCS W3BECTHBIC MPOMBINUICHHBIC (DUPMBI M HC-
cinenoBatenbckue opranuzanuu CIIIA; ero ocHOBHas 3ajaya - MPOJABUKEHUE
HOBOW TEXHOJIOTHU TPEXMEPHOU TpauKu, OPUCHTUPOBAHHON HA UCIIOIH30BAHHE
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B cpenae Internet. Jlnsa a3eika X3D paszpaboTaHa rpymnmna MexXAyHApOIHBIX CTaH-
naptoB |SO/IEC FCD 19775:200X, B KOTOPBIX OTPE/CICHBI €ro (PyHKIIHOHAIb-
HOE Ha3HayeHWE M OOJacCTh MPUMEHEHHUS, CUHTAKCUC U CEMAHTHKA, a TaKkKe
(dbopmMaThl KOAUPOBAHUS JAHHBIX U UHTEpGENC ¢ APYTHUMH S3bIKAMU MPOTPAMMH-
poBanus [140].

OcHOBHBIMH TIpeuMyliecTBaMu si3blka X3D MO CpaBHEHUIO C SI3BIKOM
VRML sBnsitoTcss KOMIIOHEHTHAsI (MOAYJIbHAsI) apXUTEKTypa, KOMIIAKTHOCTh U
Ooree TecHash MHTErpalus C APYTUMH COBPEMEHHBIMH TEXHOJOTHUSMH M CTaH-
naptamu, B yactHoct, ¢ XML, DOM u SVG. B coctaBe X3D BBIACICHBI CAMO-
CTOATENbHBIE MOJYJIM, OTBEYAIOIIUE 3a TEOMETPHUECKOEe MOJICIUPOBAHUE, AHH-
MaIiio ¥ 00OMEeH BHyTpeHHel uHpopmaimei (Moayns |nterchange), Bzaumoneii-
cTBHE ¢ ToJb3oBaresiMu (Interactive) m nmoctyn k BHEIIHUM MCTOYHHMKAM JaH-
ueiM (Extensibility). Kak u B cnysae VRML, B peanuzanuu s3eika X3D ucmomns-
3yeTCs TEXHOJOTHS «KIHEHT-CEPBEP», OAHAKO IIPH TOM MHUHHUMAJILHBIN pa3Mmep
ee KIMeHTCKOM Jactu cocTasisieT Bcero 300 KGaiit, Toraa kak Uil peaau3aiuu
VRML - 2,5 Mobaiira.

SIz3eik VRML

VRML - S3bIK HHTEPIPETUPYEMOTO THIIA, T.€. JIs ero o0paboTKU (aKTH-
BU3AIMM) HEOOXOJMMO HCIOJB30BaTh CICIHANbHYIO mporpammy - VRML-
opay3sep (VRML browser). CyimecTByeT psij oJ00HBIX IIpOrpaMM, pa3paboTaH-
HeIX pasnuuHbiMu ¢upmamu: Cortona VRML Client, CosmoPlayer, VRML
Viewer, World View u npyrue. Hacto VRML-6pay3ep KoHOUTYpHPYIOT €  yc-
TaHOBJIEHHBIM B cucteme HTML-6pay3zepom, manpumep Microsoft Internet Ex-
plorer wu Netscape Navigator, obecrieunBasi, TeM CaMbIM, JIETKUH TEPEXOd OT
npocmoTpa HTML-gokymenToB k npocmotrpy VRML-cueH.

s monroroBku VRML-daiina MoxkeT OBITH HCIONB30BaH JHOOOW TEK-
CTOBBIM penakrop win cnenuaibHeli VRML-penaktop, oOecneuynBaronuii
MHO’KECTBO JIOMOJHUTEIBHBIX BO3MOKHOCTeH (Hampumep, Cosmo Worlds 2.0,
Internet Space Builder 3, RenderSoft VRML Editor u apyrue). Kpome Toro,
UMEETCs PSAJ TPOrpaMM, OCYIIECTBIISIONINX IKCIOPT rpadudeckoii nHGOpMaITHH
B VRML (Takas BO3MOXXHOCTH peann3oBaHa B rpaduueckux pemakropax 3D
Studio Max u Corel DRAW, a Takxe B psage koHcTpykTopckux CAIIP, Hanpu-
Mmep, B oteuecTBeHHOU cucteme DCAD, paccmorpenHoit B riase 1). JomonHu-
TEJTBbHO MOTYT HUCHOJIb30BAaThCS MPOrPAMMBbl, BBIMOJHSIIOMINE ONTUMH3ALMIO T10-
JYY4eHHOTO B pe3ynbTaTe skcnopra VRM L-daiina.

VRML - 00beKTHO-OpUEHTUPOBAHHBIN SI3bIK, UCTIOJIb3YIOIIUIN B KAUeCTBE
00BEKTOB Tak Has3bIBaeMbIe y3ibl (NOdes). Mepapxudeckas CTPYKTypa y3J0B 00-
pa3yeT OpPHUEHTHUPOBAHHBIN AlMKINYECKU Tpad, HazbiBaeMbIi Tpadom CIEHBI
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(scene graph), koTopslii ompenaeseT IMOCIEeI0BATEILHOCTh MPOPUCOBKH U 3a-
Kpacku OOBEKTOB, 00pa3yromux clieHy, uian Mup (mo tepmunosorun VRML).
VY31b1, HaxoAIMKEecs HAa HIDKHUX YPOBHSIX MEpapXuu, MOTYT HAclieJ0BaTh CBOM-
CTBa y3J10B 0oJjice BHICOKUX YpOBHEH. JJii OTMEHBI HACIEOBaHUS CBONCTB IIpe-
neiaymux y3inoB B VRML ucnonb3yercs cneuuanbHbId y3€l - pa3AesiuTeNb
(Separator).

V3ne1 VRML MoryT renepupoBath COOBITHS, KOTOpblE 00pabaThIBalOTCS
apyrumu y3namu. Kpome Toro, COOBITHS MOTYT T€HEpUPOBATLCA B OTBET Ha JCH-
CTBHS TIOJIb30BaTENs, 4TO HajaenseT s36lk VRML cBOHCTBOM MHTEPaKTUBHOCTH.
[Topsimok 0OpaGOTKM COOBITHS y3JaMH ompenemnsieTcs rpagoM MapHpyTHU3aAHHA
coowiThil (puc. 5.5).

(O— Scene

Fields

Z
@
Route

Route

Puc.5.5. Cmpykmypnasa cxema unmepaxmugHoil CyeHbl

Jlist mocTpoeHus TpexMepHbIX nM3o0paxkeHuil B s3bike VRML ucnonsiy-
10TCs1 0a30Bble (GUTYPHI (IPUMHUTHUBBI), TPEICTABICHHBIC CICIYIOIIUMH Y3JIaMH
mpoctoii reometpun (SImply geometry nodes): Box - mapamnenenumnen, Sphere
- ctepa, Cylinder - numuaap, Cone - konyc. XoTs UMEIOTCS BCErO JIMIIb YEThI-
pe TEOMETPUYECKUX MPUMUTHBA, UX KOMOHMHAIIMU TO3BOJISIOT CTPOUTH JOCTa-
TOYHO CIIOHBIE TPeXMEpHbIe n300paxeHus. Kpome Toro, ais mOCTpOSHUsSI 0CO-
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00 CIIOKHBIX OOBEKTOB MOXKHO HCIIOJIb30BATh Y3JIblI reHepanuu Touek (PointSet),
muamid (IndexedLineSet) u rpaneit (IndexedFaceSet) no 3amannomy HaGOpy KO-
Op/MHAT.

Hexotopeie y3mb1 s3eika VRML, Ttakue kak Material, ImageTexture,
PixelTexture u npyrue, onpeaenstoT CBOMNCTBA 3aKPACKH U HATOKEHUS TEKCTYPHI
Ha TIOBEPXHOCTh Tpaduueckux oOpa3oB. [Ipu 3TOM cama TEKCTypa MOXKET OBbITh
npejcTaBlieHa B rpadudeckoM (aitne omHoro u3 cienyrommx Gopmaros: JPEG,
PNG (Portable Network Graphics), GIF, BMP u HexoTopsIx apyrux (Koiaudect-
BO MOJJCPKMBAEMbIX (JOPMATOB 3aBUCHUT OT ucmojiab3zyeMoro VRML-0pay3sepa).
Kpome TOro, Ttexcrypa wmoxeT ObITh 3amaHa B (aitne Qopmata MPEG
(MovieTexture), a Taxke CMOJEIUPOBaHA HEMOCPEACTBEHHO B MCXOJHOM OIIH-
cannu Ha s3p1ke VRML (Pixel Texture).

Psn y3noB si3pika VRML onpenenseT Monesnb OCBEIIEHUS CIEHBI, T.€. THUII
U MECTOHAaXOXJICHHe UCTOYHWKOB cBera: DirectionalLight (manpaBnenusiii ma-
paiienbHbIi cBet), PointLight (toueunsiii ucrounuk ceera), SpotLight (mampas-
JICHHBIA PACXOISIIUNICS CBET).

IIpu moctpoenun VRML-ciieH ucrnons3yeTcst AekapToBa CUCTEMa KOOp-
JMHAT, TIPH 3TOM OCh a0CIMCC HampaBjcHa BIPaBO, OCh OPJMHAT - BBEpPX, OCh
amnIUIMKAT - TEPICHIUKYJISIPHO MOBEPXHOCTH KPaHa B CTOPOHY HaOIOIaTElNs
(mosp3oBarens). JInHeiHbIE pa3Mepbl U3MEPSIOTCS B METPax, YIJIOBBIC pa3Mepbl
— B paJiuaHax, MHTEpPBajbl BpEMEHH - B CeKyHaax. [IpencraBieHue 1Beta ocy-
IIECTBIIAETCSA B COOTBETCTBUU co cxeMoii RGB, kak u B si3pike HTML. Cormac-
HO JITOW CXeMe, KaXIbld I[BET MPEICTABIACTCS KaK KOMOHMHAIUS KPacHOTO
(Red), s3enenoro (Green) u cunero (Blue) kommonenros, T.. B BUIe (I, g,
b). Hanpumep, sipko-KpacHBIM BET MPEACTaBIsSETCS KoMOMHAaIMeH 3HaueHui (1,
0, 0), 6enwrii - (1, 1, 1), wepnsrii - (0O, O, 0), cepsrii - (0.5, 0.5, 0.5).

[lepemerienue HaOIIOAATENS IO CO3/IaHHOM ClieHe (BUPTYyaJbHOMY MUPY)
U B3aUMOJICHCTBHE C €€ OOBEKTaMHU OOECIeUMBACTCS C TMOMOIIBIO CPENCTB
VRML-6pay3epa. Hanpumep, B Opayzepe Cortona VRML Client 5.1 ¢upmsr
ParallelGraphics (http://www.paragraph.ru) HaOmOIaTENI0 MPEIOCTABISICTCS
HECKOJIBKO PEKMMOB MEPEMEIICHHS, BKITIOYAsl TaKHE KaK «IIPOTyJIKa IEHIKOM,
win 00xom» (WALK), «momer» (FLY), «uccnenosanue» (STUDY). Kpome To-
0, KQX/IbIH PEKUM MOKET KOMOMHHPOBATHCS ¢ TEM MJIM MHBIM MOJAU(PHKATOPOM
(PLAN, PAN, TURN, ROLL), 9To mo3BOJSET ONpPEACIUTh CIOCO0 ABMKCHUS
KaMephbl U ee opueHTanuo (tadi. 5.3).

JIsii HEKOTOPBIX M3 O0OBEKTOB, OOPA3yIOIIMX CIEHY, pa3pabOTUNK MOMKET
MPEIyCMOTPETh TO WJIM WHOE MOBEICHHUE, CHAOUB UX COOTBETCTBYIOIIMMH CEH-
copamu (Hatunkamu). [Ipy monagaHuu Ha CEHCOP KypCOpP MBIIIN BHIOU3MCHSCT
CBOIO (hOpMy, yKa3bIBasi TEM CAMbIM Ha BO3MOYKHOCTH B3aUMOJICHCTBHS C 00BEK-
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tom. Hanpumep, B 6paysepe Cortona VRML Client paziauyaror cienyronie Bu-
JIbI CEHCOPOB:

- Touch Sensor - nmatumk kacanus (3¢ ekt ompeaenseTcs aBTOPOM Clie-
HBI);

- Anchor - sxops (rumepcchlika, odecrneunBaromas Iepexo Mo MmeIuKy
MBIIIU K JPYroMy 00bekTy, ciieHe min HTML-nokymeHTy);

- Cylinder Sensor - mumuHapUYeckuid AaTuyuk (IpeoOpasyeT NBHKECHUE
MBIIIU TPU HAXKATOM JICBOW KHOITKE BO BpallleHHEe 00BEKTa BOKPYT CBO-
eit ocn);

- Sphere Sensor - chepuueckuit natumk (mpeodpa3yer ABHKCHHE MBIIIN
P Ha)KaTOM JICBOI KHOIIKE B CBOOOIHOE BpallleHHE 00hEKTa);

- Plane Sensor - miockuii gatyuk (mpeoOpa3yeT ABUKCHHE MBIIIN TIPU
HaXXaToH JIEBOW KHOTIKE B TIEpeMeIleHUuEe 00BEKTa).

Tabnuya 5.3
Peoicumuvt u moouguxamopwr pescumos dpayszepa Cortona VRML
— Mopugpukarop pe;xuma
PLAN PAN TURN ROLL
WALK | [IBuxeHue B rOpu30oH- | [[BHKeHHE HaleBO W3menenue yria ka-
TaJIbHOM MJIOCKOCTH W HaIpaBo B ro- MepBbl, 110 KOTOPBIM -
PU30OHTATIBLHOU OHA CMOTPUT Ha MUP
IJIOCKOCTH
FLY JIBrKeHUe HaJIeBO U JIBuKeHUE BBEPX, IToBopoTt Haknon
Halpaso BHU3, HAIIPABO UJIM | KaMephl KaMepsl
HAJIEBO B BEpTU-
KaJIbHOM IUIOCKOCTH
STUDY | UccnenoBanue oObek- HccnenoBanue 066- | Hakion
Ta 0]l pa3HbIMM yrJja- - €KTa 0] pa3HbIMU KaMepsl
MU yriIamMu

SI3pik X3D

S3pik X3D, mosSBUBIIMICS B pe3yibTaTe JOCTATOYHO KOPOTKOTO, HO HH-
teHcuBHOTO pa3Butus VRML, umeeT Ooratelii HaOOp CpeACTB AJIS MO IECPKKU
TakKuX O0OJIaCTeH NpPUMEHEHHWS, KaK HWH)XCHEpPHAs M HaydHas BH3yaau3alus,
MyJIbTUMEIUIHBIE TTPE3CHTAIlMU, pa3BIeKaTeabHbIe U 00ydatoume urpsl, WEB-
CTpaHMIIBI U pa3zieiisieMble BUPTyaibHble MUPBl. OH oOecreunBaeT CleayIoIIue
OCHOBHBIE€ BO3MOKHOCTH.

- mpexmepnan (3D) zpaguka:. nonuroHanpbHas U mapaMeTpuyeckas reo-

METpHs, HePApXUUECKHUE TpaHCHOpPMAIlMH, OCBEIICHUE, MaTepHANIbl U
HaJ0)KEeHHE TeKCTYp (MHOTOIPOXOAHOE, MHOTOJTAITHOE);
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- osymepuaa (2D) zpaghuxa: texct, NByMEepHBIE BEKTOPHBIC U IUIOCKHE
burypsl, oToOpakaeMble B paMKaxX UEpapXHHU TPEXMEPHBIX Mpeodpas3o-
BaHMH,

- aHumayua. TaliMepbl ¥ WHTEPIIOISATOPHI /I BHIIOJHEHUS HEMpPEPhIB-
HOM aHMMAallMH, YeJ0BEKOIMOA00Has aHUMalUs ¥ MOp(UHT (Cremnuab-
HBIH (P QeKT, 3aKITI0YAIONIUIACA B CIUIHUN HECKOJBKUX H300paKeHHIA
WIH TIPeoOpa30BaHUU OJHOTO M300paKEHHUS B JIPYroe ¢ COXpaHECHUEM
HEKOTOPBIX OCHOBHBIX IIapaMETPOB);

- HpocmpamcmeeHHoe ayouo u eudeo. ayIuOBU3YyaIbHbIC MCTOYHUKH,
oToOpaxkacMble Ha TEOMETPHIO B CIICHE;

- e3aumoleiicmeue ¢ noab3oeamenem. CTaHIAPTHBIC MaHUITYJISIUU C
MBIIIIBIO, BBOJ] C KJIaBUATYPHI;

- Hasuzayus. KaMephbl, IepEeMEIICHUE MOTh30BaTEIsI BHYTPU TPEXMEPHOU
CIICHBI, TIPOBEpPKA Ha IepeceycHue, YAAICHHOCTh U BUIUMOCTDh O0BEK-
TOB,;

- 00veKkmul, onpedensemvle NOJ1b308amenem. BO3MOKHOCTh paclIupe-
HUS BCTPOCHHON (YHKIMOHAJILHOCTH Opay3epa IIyTeM CO3JaHUs
«I10JIb30BaTENLCKUX» TUIIOB JAHHEIX;

- co30anue cueHapues. CIOCOOHOCTh TUHAMUYCCKOTO U3MCHCHHS CIICHBI
MIOCPEICTBOM SI3BIKOB IIPOIPAMMHUPOBAHHUS M S3BIKOB JJIsA pa3padOTKH
CIICHApUEB,;

- cemeeasn noooepicka. CrocoOHOCTh (GOpMUPOBATh OTACAbHYIO X3D-
CIIEHy M3 OOBEKTOB, PAaCIpPECICHHBIX B CETH, M OCYIIECTBJIATh THIICP-
CCBUIKM Ha OOBEKTHI B APYTUX CIIEHAX, pa3MeIleHHbIX B |nternet;

- Moolenuposanue Quzuueckux 00veKmog. 4eJIOBEKOMOJ00Has aHMMa-
1M, T€ONPOCTPAHCTBEHHBIE HAOOPHI JAaHHBIX, HHTETPALUs C MPOTOKO-
JaMHU pacipeesICeHHOr0 MHTepakTuBHOro MozenupoBanus (Distributed
Interactive Simulation - DIS).

Hcnoab3oBanue s3bika VRML (X3D) ais Bu3yajm3anum NpoeKTHBIX
peleHui Au3aiiHepa HHTEPbEPOB

Ilepeurciiennspie Bhilie cBoiicTBa si3bika VRML (X3D) mo3Bonsior cre-
JaTh BBIBOJT O BO3MOXKHOCTHM MCIIOJIb30BAHMSI €ro B KAaue€CTBE MOJXOJSIIETO
CpeACTBa JUIsl BU3yalM3allud MPOEKTHBIX PEIIeHUN nu3aiiHepa UHTepbepoB. Ec-
TECTBEHHO, HEIMOCPEJACTBEHHAsl 3alUCh MPOEKTHBIX JaHHBIX Ha s3bike VRML
3aTpyAHUTENbHA. bonee mpuemiieMbIM BapUaHTOM SIBISETCS IpeaBapUTE/IbHAs
MOATOTOBKA IMPOEKTa C ITOMOIIBI0O COOTBETCTBYIOIIECTO TIpaHUEeCKOTO TaKeTa
nporpamm (Hampumep, 3D Studio Max), skcropT mpoekTHOW WHGOpPMAIUU B
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VRML (¢ momomsto 3D Studio Max VRML 2.0 exporter), mpoBepka ¥ ONTHMH-
3a1ysl MOJYYEHHOTO ONMMCAHUs, TOCIEAYIOIas BU3yaIH3alHsl ¢ TOMOIIBIO OJTHO-
ro u3 VRML-6pay3epos.

B wactHOCTH, TIpeaniaraeTcs CIeAyIOMIMA MOAX0A K aBTOMAaTHU3AIUU TPO-
EKTUPOBAHUSI WHTEPHEPOB MOMEIIEHUN, OCHOBAHHBIM Ha WCIOJIb30BAaHUU Tapa-
METPH30BaHHON OMOJIMOTEKH MPOTOTHITHBIX Mojelel nu3aenui [83- 85].

Baavasie co3marorcst 2D-mpoekiuu uHTEphepa (IUT1aH U (PPOHTAIBHBIHI
BUJ) C MOMOIIBIO CHEIHMAILHO pa3padoTanHoi nmporpammel WINGRAF, no3so-
JISIOIIEH BBITIOJIHUTh TOYHYIO MAacIITaOHYIO MPUBSI3KY MOMEIIECHUS U yCTaHaB-
JTUBaeMbIX B HeM u3jaenuid. [Ipuuem mpoekius GppoHTanpHOTO BHaa GOpPMHUPYET-
Csl aBTOMaTHYECKH HAa OCHOBE JAaHHBIX, MOJYYCHHBIX MpPH co3JaHuu IiaHa. K
TaKUM JaHHBIM OTHOCSITCA. JIMHEWHBIE pa3Mepbl MPOCKTUPYEMOTO TMOMEIICHHUS
(st mIaHa BaXKHBI, IPEXKJE BCETO, JUIMHA M IIUPHHA), KOJIUYECTBO H MECTOIO-
JIO’KEHHE Ha TUTaHE OKOH W JIBEped M MX pa3Mepbl, a TaKkKe 30H, HEJOCTYITHBIX
U1 pa3MenieHust meoenu. HemoctynHas 30Ha MOXKET MPeACTaBIATh COO0M BbI-
CTYIl B CTCHE WJIHM KOJOHHY, @ COBOKYITHOCTh CBSI3aHHBIX 30H (I[€MOYKa) MO3BO-
JISI€T TOCTPOUTH TOMEIICHHUE TOCTATOYHO CIIOKHOW KOH(PHUTYypaIuu.

3aTeM BBINOJHAETCS BBIOOP MOJeNel u3enuil u3 OMOIMOTEKH U paccTa-
HOBKA WX YCIIOBHBIX Tpaduueckux n3oopakeHuit Ha riane (puc. 5.6). [Ipu sTom
YUHUTHIBACTCS MPOMOPIMOHATBHOCTh YCTAaHABIMBAEMBIX U3JICIIMA U OCYIIECTBIIS-
€TCSl KOHTPOJb MEPEKPHITHS, T.€. TIOMAJaHNsI KOHTYpa U3/AeNIUs B HEAOCTYITHYIO
30HY WJIN Ha KOHTYpP APYroro OJHOTHUITHOTO (HABECHOTO MJIM HANOJBHOTO) U3JIe-
TS, a TAKXKE BBIXOJT 3a TIPeeIibl IEpUMETPa TOMEIIICHHUS.

OmHOBPEMEHHO C BHIOOPOM HM3JENHUs MOXHO OCYIIECTBUTH MapaMeTpuye-
CKYIO HACTPOHKY €ro pa3mepoB (BBICOTHI, IIUPHUHBI, TIIYOUHBI), 3a]1aTh HEKOTO-
pble KOHCTPYKTHBHBIC OCOOCHHOCTH W3Jeiusl (HampuMmep, CBEChl CTOJICIIIHHIIBI
WIM KapHU3a) U TUIBI OOJUIIOBOYHBIX MAaTCPUAIOB, YCTAHOBUTH Yally MOWKH,
BCTPOCHHYIO TEXHUKY H T.1.

B pesynbTaTe dopmupyercs undopmaius, Heooxogumas it paboThl Te-
Hepatopa VRML-onucanus. B Hacrosdinee BpeMs HCHOJIb3YETCS CIEIYIOIIMI
YIPOIICHHBIN (hopMaT 3anucu HHGOpMaALHH 00 U3CITHH.

<id><xyz><hwd><xlylzl><a ><urll><url2>.

[Tpu paboTe reHepaTopa BBIMOIHIIOTCS CICAYIOIINE OCHOBHBIC JICHCTBUS:
OTIPEACTSAIOTCS pa3Mephbl NapajuleienuIe/ia, OrPaHHYNBAIOIIETO0 COBOKYITHOCTD
00BEeKTOB B 3amaHHOM Wrl-daitne, (BoundingBoxSize) u BeuuciseTcs BEKTOP
MacIITaOUPOBaHUs HAMJICHHOTO Mapajuiesenumnena s 3aJaHHbIX JTHHCWHBIX
pasmepoB m3aenus (h, w, d), ocymecTBiusercss M3MeHEHUE TEKCTYpbl 00BEKTa
(url2) u BHeapenue Wrl-o0bekTa B 3aJlaHHOE MECTO, OIpEAe/IIeMOe KOOpIUHA-
tamu (X, Y, Z) TeHepHupyeMoi ciieHbl. B 3akmouenne dopmupyercs Wrl-daiin
OINMHCAaHUEM MOJICITHPYEMOT'0 HHTEPhEpa TOMEIIICHUS.
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Puc. 5.6. IInan pazmewienus medenvHvix uzoeauil Ha KyxXHe 3aKa3uuKa

[TonmyueHHbrit Wrl-daiti MOXET OBITh OTKPBIT C TOMOIIBIO OJHOTO W3
VRML-6pay3epoB 11 mpocMOTpa U aHalW3a BBIPAOOTAHHOTO MPOEKTHOTO pe-
mienus (puc. 5.7). B coderanuu ¢ daitnamu 2D-nipoekmmii Wrl-gaiin moxert uc-
MOJIb30BATHCA B COCTABE 3JEKTPOHHOM JOKYMEHTALIMU ITPOEKTAa HHTEPhEPA.

OnucaHHbIi BhIIIE MTOAXOJ K MOCTPOEHUIO TPEXMEPHBIX MOJIEJIEd UHTEPh-
€pOB MOMEIIEHUI OTIIMYAETCA OT PEIICHUM, PEaJTu30BaHHbIX B U3BECTHBIX CHC-
T€MaxX TBEPJOTEIBHOIO MOJEIMPOBAHUS M OCHOBAHHBIX HAa HCHOJIb30BAHUU
cTanaapTHeiX O6ubnuotexk 3D-rpaduku. B wacTHOCTH, cleayeT OTMETHTH BO3-
MOKHOCTh MOKa3a CIPOEKTUPOBAHHOIO MHTEpPhEpa € PazIUWYHbIX TOYEK 0030pa
(o pa3HBIM paKypcoM), PEIOCTABICHUS CPEACTB JEMOHCTPAIIMH B TUHAMHKE
(YHKIIMOHAJIBHOCTH PA3JIMYHBIX M3JCJIMKA HHTepbepa (HampuMep, IIEeTYKOM
KHOIIKHM MBIIIIA MO>KHO PaclaxHyTh IBEPIbI CTOJA, BEIABUHYTH SIIUK, BKIIOUUTh
HACTOJILHYIO JIAMITY WJIM BEPXHUM CBET U Tak janee). Bce 3TO BRITOHO OTIMYACT
MHTEpPaKTUBHYIO, quHamudeckyro VRML-cueny ot TpaauuuoHHOTO MpencTas-
JICHUS WHTEphepa TMOMEIICHUs, KOTopoe obecrmeunBaeTcss OOJIBITUHCTBOM CO-
BpeMeHHBIX crienann3upoBaHHbix CAIIP mebenu.
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Puc.5.7. Bupmyanvhblit HaOOp KyXOHHOU Medenu, 0moopax3caemvlii ¢ ROMOULbIO Opaysepa
Cortona VRML Client 5.1

5.2. BHeuiHsisi MojieJib BLICOKOYPOBHEBOTO npeacraBienus KMUA

Kak OpIl710 OTMEUEHO B MPEABIAYIINX TJIaBaX, OJHUM W3 OCHOBHBIX TOJIO-
»enuit konnenuuu BOIII, onpeaenstomnieit METOAO0IOTHUYECKUN TTOIX0 K opra-
HU3AIMHU TT03aKa3HOTO MPOMBINUIEHHOTO TTpou3BojacTBa KMUA, sBnsercs nepe-
HOC «IIEHTpa TSKECTH» PEIICHUS MPOCSKTHHIX 33/1ad C dTana paboyero mpoeKTH-
POBaHUS Ha 3TAN 3CKU3HOTO MPOCKTHPOBAHUs (MHXWHUPHUHTA), B XOJIE BBITIOJ-
HEHUSI KOTOpPOTO (POPMHUPYETCS MPOTOTUITHAS MOJECIb, SIBISIOIIAACS BBICOKO-
YPOBHEBBIM MpeacTaBiIeHuEeM npoektupyemoro KMUA.

OcHOBO# 151 TOCTpOeHUs BHeIIHeH (o0omoueunoi) moaeau KMUA, wuc-
MOJIB3YIOMIEHCS Ui BU3YyalTW3alMK pa3pabaThiBaeMbIX MEOETbHBIX KOHCTPYK-
LU, ABJISIETCA MPOTOTUITHAS MOJENb, UM COKpalleHHO npoToTtun. [Iporotun -
9TO MIa0JIO0H, MpeTIHA3HAYCHHBIN 711 (OPMHUPOBAHUS HOBBIX MPOEKTOB OJTHOTHUII-
HBIX (POJICTBEHHBIX) M3ACIUN. ¥ TPOTOTHITHOTO U3JCIIHSI MOYKHO BBIJICITUTH P
CBOWCTB, KOTOPBIEC B MpoIlecce pa3paboTKH HOBOTO MPOEKTAa OCTAIOTCS HEM3MEH-
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HeIMH (HampuMmep, Gopma H3ACIHsS) WIH H3MEHSAITCS (HampuMmep, IBETOBas

ramma, TeKCTypa u (pakTypa OOJHMIIOBKH, DJIEMEHTBI IEKOPATUBHOU (DYypPHUTYPHI).
AHanu3 OCHOBHBIX CBOMCTB npototunHod moxenu KMUA moxHO BbI-

MOJHATH C UCTHOJIb30BAHUEM CIIEAYIOIINX ACIEKTHBIX MTPEACTABICHUI MPOEKTA!

- @ynxyus (Habop HYHKIIMOHAIBHBIX CBONCTB U3/ICIHS);

- KoHcmpykyusi (KOHCTPYKTHBHBIE OCOOCHHOCTH W3JCIUs, B TOM YHCIIE
peau3yrolue 3aJaHHbI HA00p QYHKITUH);

- mamepuan (COCTaB KOHCTPYKIIMOHHBIX MaTEPHAJIOB, 00SCIICYMBAIOIITIX
3aJIaHHbIC TTapaMETPbl KOHCTPYKIIUN);

- mexHonoeuss (COBOKYITHOCTh TEXHOJIOTHYECKHX CIIOCOOOB M TPHUEMOB,
MO3BOJISIONIAST PeAM30BaTh KOHCTPYKIMIO C 3aJaHHBIMH (DYHKITHO-
HaJbHBIMHM CBOMCTBAaMH).

B pamkax mpeacTaBiIeHHBIX acClEKTOB BBIACIAIOT ceomempuieckue, husu-
yeckue W apxXumeKmypHo-Xy0ocecmeenHvle CBOUCTBA MeOETbHONW KOHCTPYK-
uuu. [locnenHue MOryT ObITh pACCMOTPEHBI B paMKaX MOHATHUS KOMNO3UYUsl, IO
KOTOPO MOHUMAIOT CTPYKTYPY, OTPAXKAIOLIYIO B3aUMOCBA3b 3JIEMEHTOB 00BEK-
Ta U ONPENEISAIONIYIO €r0 CMBICII, CIIYKAU[yIO JJI BBIPAXKEHUS 3aMbICia n3au-
Hepa. C NaHHBIM MOHSTHUEM CBSI3aH PAA CIEAYIOLIUX CBONCTB. MeKMOHUKA,
eOUHCMB0, CONOOYUHEHUEe, MACUMAOHOCMb, NPONOPYUS, PUMM, HIOAHC U KOH-
mpacm, KOTOPbIE CIIOKHO CHCTEMATHU3UPOBATH, HO BCE OHU HCIIOJB3YIOTCSA JIH-
3aHEPOM I JOCTUIKEHUS JKEIAEMOr0 KOMITO3ULIMOHHOTO PE3YJIbTAaTa.

Heo06xoaumMo OTMETHThH, YTO B MOHSATHUM MEOETbHOrO MPOTOTHUNA H3HA-
YaJbHO UCMOJb3YEeTCs MPUHIUII CEPUNHOCTH, IPEANONIAralouuid co3janrue 0azo-
BOM MOJIENIH, MO3BOJISAIONIEN MPOU3BOIUTD Psifl OAHOPOJHBIX TPEAMETOB MeOenH,
CTPYKTYpHOE U MOP(HOIOTHIECKOE CXOJCTBO KOTOPHIX 0OPAIICHO:

- O OTHOLICHUIO K MPOEKTUPOBAHUIO - C IMOMOIIBIO aJrOPUTMU3ALUN

METOJIOB U BbIOOpA CPEACTB PELICHUS 3a/1ay;

- IO OTHOLIECHHIO K MPOU3BOACTBY - IYTEM KauYE€CTBEHHOW OpPraHU3aluU
MOATOTOBUTENBHBIX U COOPOYHBIX padoT;

- TI0 OTHOUICHHIO K peayim3anuu (COBITY) - IMOCPEICTBOM KOJIHUYCCTBCH-
HOT'O M Ka4eCTBCHHOT'O COCTaBa HOMEHKJIATYPHBIX (M THUIIOPa3MEPHBIX)
psAIOB pa3pabaTbiBa€MbIX MEOETbHBIX U31EIIUM.

[Ipu pa3paboTke MPOTOTUIIHOM MOJIEeNIU, KaK MpaBWiIo, 0co00e BHUMaHUE
yAENSeTCA CTPYKType 00BbEKTa, T.€. COBOKYITHOCTH OCHOBHBIX KOHCTPYKTHUBHBIX
3JIEMEHTOB M3JENNS U OTHOLICHUAM MexAy HUMH. Kak oTMeuanoch BhILIE, Cy-
HIECTBYET HECKOJBKO YPOBHEN OIUCAHUS CTPYKTYpPbl MPOTOTHIHOW MOJENH, B
YaCTHOCTH, JCKHU3HO-CTPYKTYPHBIH, CTPYKTYpHO-aTpHUOYTHBHBIH, rpado-
aHamuTH4YecKuii. Ha xaxxa0omM U3 ypoBHEW OmuMcaHus AENaeTcsl aKLEHT Ha OIpe-
JIEJICHHBIX acrekTax npotorunHod Monenn KMUA, obecrieunBas, TeEM caMbIM,
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HEO0OXOIMMBIH 00BbeM MH(OpMauu Il JadbHEHIIeH padboThl ¢ Moaebo. [lpu
OIICHKE 3TOr0 00beMa B I1eJIOM OOHApYKUBAETCSI HEKOTOpasi CeMaHTUYECKas W3-
OBITOYHOCTH, KOTOpAsi, BIPOUYEM, MOKET OBITh ONpaB/aaHa, €CJIM NMPUHATH B pac-
YeT MHOTOIUIAHOBOCTh MCIOJIb30BAHUSI MO/ICIIH.

Br1i6op mHbOpManmu, HECOOXOAUMON B KaXKJIOM KOHKPETHOM ClIydae HC-
MOJIb30BaHUSA, TOTpeOyeT MPUMEHEHHUS aJrOPUTMOB CEMaHTHYECKOW (uiIbTpa-
UM JaHHBIX MOJIeNIM. B yacTHOCTH, 3a/ladya BU3yaldu3alud TpeOyeT mepexoaa K
BHelHel (00009eUHOl) MOENH, BKIIOYaroIel B ce0s Hanbosee CyIIeCTBEH-
HbI€, TJITaBHBIM 00pa3oM, T€OMETPUYECKUE XapaKTEPUCTUKHU U3 ICTTUS.

Hanpumep, nporpamma WIiNnGRAF, BbITIOTHUB QUIBTPAIIUIO JaAHHBIX IS
Mojenell OOBEKTOB, MPEACTaBICHHBIX B IMPOEKTe HabOpa KyXOHHOW Mebenun
(puc. 5.6), cozmaet caeayrollee ONMUCaHHE!

# Daiin ormcanyst st 3akaza Ne 00000203

#

#1lepBast 3Ha9FIMast CTpOKa B (haiiie CoNepKUT radapyThl KyXHH B (popmMare:

#lwh;

#rnel - mmHa (Mm),

# W-mpusa (MM),

# h-Beicora (Mm).

# Bropast 1 mocrieayrorye 3HauMMbIe CTPOKH COZIpyKaT MH(OPMAITIEO 00 00bEKTaxX

#B crienyrormeM opmare:

#indts orient,xyz,hwd, x1ylzlawrl 1,wrl 2

#rnie ind - HoMep U3/ B MACCHBE M3ZICITHIA,

S - HoMep THITIopaZMepa M3IEHS ¢ HomepoM ind;

orient - oprieHTaI st H37IeIs (BO3MOYKHBI 8 BAPHAHTOB);

XY Z - KOOp/IMHATHI LICHTPA W3/ICIIHST,

hw d - raGapurs! m3memist: Beicota (MM), IIMprHA (MM), ITyOrHa (MM);

x1y1 71 a- Bextop (0cH) 1 yros roBopoTa (B papaHax);

wrl_1 - ciermrarmst WRL~baiina 115 oro0parkaeMoi MOZISITH H3TICI VS,
wrl_2 - cierdmrarmst JPEG-(haiina 11151 TeKCTyPbI MOJICIA U3/ICIIS.

HHFHFHFHHF

3000 3000 2850;

462,0,66 414, 828600600,0010, d\WINGRARPWRL\Mebd 0461,
WINGRARTEXTURES Textred46_3jpg;

100, 0,608 6414, 828 800 600,001 0, WInGRARWRL\Mebd 0101,
WINGRARTEXTURESTextre010_3jpg;

150,0, 14106 414, 828400 600,00 1.0, (AWINGRARWRL\Mebd 015w,
WINGRARTEXTURESTexture015_3jpg;

2076,0,66 1862, 724600 290,001 0, - WInGRARWRL\Mebd 2071,
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HWInGRARTEXTURESTexture207 _3jpg;

2032, 0,6086 1862, 724.800290,001 0, \WInGRARWRL \Mebe 208w,
WInGRARTEXTURESTexture203 8jpg;

2073,0,14106 1862, 724400 290,00 1 0, WVinGRARWRL WM ebe 207 wrl,
HWInGRARTEXTURESTexture207 _3jpg;

Hanee, VRML-renepaTop, OCHOBBIBasICh Ha JaHHOW WH(opmanuu, Ghop-
MHUPYET IJIsl KaKIOTO M3 TMPEJICTABICHHBIX MEOEIbHBIX 00BEKTOB OMUCAHHUE HA
s3pike XML crenyromieii crpykrypsi [141]:

<?xml version="1.0" encoding="UTF-8" ?>
<[Ipororum>
<Unentuduratop>ind</Unentudukarop>
<llentp_napauienenumnena>>
<Koopaunara_X>x</Koopmunata_X>
<Koopaunara_Y >y</Koopnunara_Y>
<Koopaunara_Z>z</Koopnunarta_Z>
</llenTp_mapajieienurmena>>
<Pa3mepsl_napaienenumneaa>
<Bsicora>h</Bricora>
<Mupuna>w</Illupuna>
<['ny6una>d</I'1yOuna>
</Pa3mepsl_napaieacnuneaa>
<BekTop_BpameHus>
<[Ipoexuus_X>n_x</TIpoekrus_X>
<[Ipoexuus_Y>n_y</TIpoekrus_Y>
<[Ipoexuus_Z>n_z</TIpoekuus_Z>
<Vroa>alpha</Yron>
</BekTOp_BpalicHus>
<®daun_monenu>
<cnermudukanus_1>url_l</cnenmduxarus_1>
</®aiin_monenu>
<®dailsl_TeKCTypbI>
<cnerudukanus_2>url_2</cnenndurarus_2>
</Daiin_TeKCTypHI>
</Tlporotur>

[IpencraBnennoe XML-onucanue - cBoeoOpa3HbI MIA0JIOH «T€XHHYE-
CKOTO 3aJIaHus» JJIsl TeHEepallMi BHEITHEW MOJICNIH, UCTIONIb3YIOMICHCS 3aTeM s
BU3yali3aluu ¢ momoibio cpeactB s3bika VRML. KoHkperuszamus TexHuue-
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CKOT'O 3a/JIaHUsl BBINOJHSETCS C MCIOJIb30BAHUEM aJITOpUTMa CEMaHTUYECKOM
buIbTpayK, KOTOPBINA MO0 BCTpaMBaeTCs B MPOrpaMMy aBTOMATH3AILMU TIPHE-
Ma WHIUBUAYATbHBIX 3aKa30B, KaK, Hanpumep, B ciyuae nporpammel WinGRAF
[84, 85], m1b0 nmpeacTaBisieTCsl OTACIBHBIM MPOTPAMMHBIM MO TYJICM.

Buemnsas monens GpopMHUpyeTCss KaK KOHEUHBIA pe3ylbTaT BapUaHTHOTO
MOJEIUPOBAHUS, TTO3BOJISIIOIIETO ONPENETUTh TOBEICHHE MEOEIbHON KOHCTPYK-
[IUU TIPU BBIMIOJHEHUU YHU(PUIIMPOBAHHBIX OIEpaiuid, 00ecrneuyrnBaronmX MaHH-
MyJpoBaHue cBoMcTBaMH npoToTunHoi moaenu KMUA ¢ yuerom cobmrone-
Hus 3agaHabix KTTO.

5.3. AHUMaNUA ¥ HHTEPAKTHBHOE Bbie/ieHne 00bekToB Moaeau KMHUA

AnnManus 0O0BEKTOB CIIEHBI M B3aWMOJICHCTBHUE TOIb30BaTENsA C 00BEK-
TaMHU OCYIIECTBIISIETCS] TOCPEICTBOM OPTaHH3aI[MU CBSI3EH MEXKIY y3JIaMH CIICHBI
U OTIPEICTICHUS MapUIPYTOB Mepeaadn COOOeHun Mexay y3namu [138].

BoNbIIMHCTBO y370B ClieHBI UMeEIOT Bxojsmme (eventln) m wmcxomsme
(eventOut) coObITHs. KpoMe Toro, MHOTHE y37IbI UMEIOT TaK Ha3bIBaCMBIC OT-
kpoiThie mos (exposed fields). Bxoasmiue coObITHS aHAIU3UPYIOT COOOIICHMS,
MOCTYMAOIINE B Y3JbI M3 BHENIHETO OKpYyKeHHs. Mcxomsmme coOBITHS MOCHI-
JAI0T COOOIICHHs OT OJHUX Y3JIOB K Ipyrum. [Ipu aTom Kaxkmoe coObITHE MMEET
aCCOIIMMPOBAHHBINA ¢ HUM THUN AaHHBIX. OTKPBITOE MOJIE 03HAYAET, YTO YIS HETO
B y3JIe¢ UMEIOTCS CIEeAYIOIue 1Ba COOBITUS. SEt_umsa-nons - yCTAaHOBUTH 3Haye-
HUE oIS, ums-no/is_changed - omoBecTUTh 00 U3MEHEHUU 3HAYCHUS TOJIS.

Kak oTmeuanoch BbIIIe, Y376l CBSI3BIBAIOTCS APYT C APYTOM MapuipyTaMH
(routes), mo KOTOPBIM COOOIICHHS MEPEAAIOTCS OT HCXOJISAIIETO COOBITUS OJTHOTO
y3J1a K BXOJsIeMy coObITHIO Apyroro (puc. 5.5). B pe3ynbTaTe s y370B, CBs-
3aHHBIX MapHIpyTaMU, MOTYT TOPOXKAAThCSA IETIOYKH COOBITHH, Ha3bIBaCMBbIC
kackaoamu coovimui. Kackaapl CcOOBITHH MOTYyT 0Opa3oOBBIBATH CIOXKHYIO
CTPYKTYPY, BKJITIOUYAIOIYIO BETBJICHUS U IIUKIIBI.

Kaxxoe coObITHE MPEeACTaBICHO ABYMS YaCTSAMHU: COOOIIEHHEM, KOTOPOMY
COOTBETCTBYET HEKOTOPOE 3HAYCHHE, W IITAMIOM BPEMEHH - CICIHAIbHBIM
3HAQYEHUEM, HEJOCTYIHBIM TI0JIb30BATENI0, KOTOpbIM omnepupyer VRML-
Opay3ep. Hanmnume y coOBITHI IITaMIIOB BPEMEHU TMO3BOJISET YMOPSIAOYUTH UX
o0paboTky. IIpu 3TOM creayeT UMETh B BHY, YTO COOBITHsS 0OpabaThIBatOTCH,
KaK MPaBWIIO, B MOPSIIKE BO3pACTAHUS 3HAYEHUH IIITAMIIOB BPEMEHHU.

KitoueBbIMH 37IEMEHTaMU B CTPYKTYpE YNpaBICHUS aHUMAIMEH W WHTE-
pakTUBHOCTHIO B si3bike VRML SBISAIOTCS Y3JIBI-CEHCOPBI U Y3JIbl CIIEHAPUEB,
MOPOXKAAIOIITNE TaK HAa3bIBAEMbBIC HAUAIbHble COObIMUsL, HE 00YCITOBICHHBIE Y-
TUMH COOBITHSAMH B Kackaje. C TeXHUYECKOU K€ TOYKM 3PEHHS, aHUMallus He-
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MOCPEJICTBEHHO OCYIIECTBIISIETCS C MOMOIIBI0O HHTEPIIOISIIMOHHBIX Y3JI0OB U Y3-
JIOB-TIEPEKIIIOYATENeH, a TAK)KE BCEM COBOKYIMHOCTHIO OTKPBITHIX TMOJIEH OCTajhb-
HBIX THUTIOB y3JIOB.

Cy1iecTByeT HECKOJIBKO THUIIOB CEHCOPOB, CPEIU KOTOPBIX CJEAyeT BhIfe-
JIUTH.

- ceHcopvl oKpydicaroueli cpedvl, KOTOphIe HEe MTPUHUMAIOT TaHHBIX, BBE-
JCHHBIX HEMOCPEJACTBEHHO IOJB30BAaTENIeM, HO OTCIEKHBAIOT TaKue
MPOIECChl BO BHEIIHEH cpeje, Kak TeueHue Bpemenu (TimeSensor) u
U3MeHeHue MecrtomnoyiokeHus monb3oBarens (VisibilitySensor, Prox-
imitySensor, Collision);

- V3Ibl-MAHUNYAAMopsl, KOTOpPbIE OOECMEeYMBAIOT TMPHUEM JTaHHBIX OT
MOJIH30BATENS M PEATU3YIOT Pa3IMYHbIE BUIIBI MIEPEMEIICHHUS] O0HEKTOB
¢ ucnoyp3oBanueM Mbim (TouchSensor, SphereSensor, CylinderSen-
sor, PlaneSensor).

Cuenaputii B si3pike VRML cocTtouT u3 GyHKIMIA, Kaxaas U3 KOTOPHIX BbI-
TIOJIHACTCSI B OMNPEACICHHOW CUTYyallMH, Hampumep, mpu oO0paboTke TeX WM
WHBIX COOBITHH. DTH (YHKIIMH MOMEIIAOTCS B Y3€] CICHApHUsA, KOTOPBIH 000-
3HAYaeTCsI C MOMOIIBIO KIIFOUEBOTO cJioBa SCript.

[Ipu  peamusanuu  aHUMAIMK  BaXXHYIO  POJIb  WTPAIOT  V37bl-
UHMeEPNoaamopsl, KOTOPbIe 00ECTICUMBAIOT W3MEHEHNE KaKWUX-THMOO BEIMYHUH C
TeueHreM BpeMeHU. OHU MPUHUMAIOT CUTHAJIBI BPEMEHH OT ceHcopa TimeSen-
SOI ¥ TIPOU3BOAAT JIMHEHHYIO MHTEPIIONAIUIO0 MEXKY MHOKECTBAMHU KITFOYEBBIX
3HAYCHUN, KOTOPBIE COJAEPKAT TaK HA3BIBAEMBIM KIIIOY - JCCATUYHOE IPOOHOE
3HaueHnue B uHtepBasie ot O go 1. Besakuit pas, koraa y3ea-uHTepIosITOp Moy-
YJaeT BXOMSIIEe COOBITHE, OH TEHEPHUPYET UCXOJSIIEEe COOBITHE C MapaMeTpoM,
paBHBIM MHTEPIOIMPOBAHHOMY 3HAYCHHUIO BeNMMUYWHBI. Vcxomsmiee coObiTHe, B
CBOIO OYepe/lb, MOKET OBITh HAMPABIEHO B JII000E OTKPBITOE TOJIE TOIXOSAIIETO
tuna. Hampumep, cxema MapHipyTH3allMd COOBITUH, BKIIOUYAOIIAs y3em-
untepnonsatop Orientationlnterpolator, ¢ ucnonap3oBaHUeM CrHeUAIBLHON HOTA-
IIUM CTAaTUKO-AMHAMHYCCKHUX Jauarpamm [ 76], mokaszana Ha puc. 5.8.

B HOTanmu ctaruko-guHamMuueckux mquarpamm (SDD) ucnons3yrores ciie-
AyIOIIie MoHATHs [ 76]:

- HayaJbHOE COCTOSHHUE CXEMbI, 0003HAYaeMO€ TOJHOCTHIO 3aKpalleH-

HBIM KPYXXKOM () aHaJOTUYHO TOMY, KaK 3TO MPUHSATO B HOTAIIUU SI3bI-
ka UML;

- CTaTWyeckas 4YacTh IUarpamMMbl, TPEICTaBICHHas HA0OpOM KIIacCoB,
YYaCcTBYIONIUX B MapHIpyTU3auu coObiTrii. Kaxkapiit kiacc n3obpaxa-
€TCsl Ha TuarpamMMme MpsSIMOYTOJILHUKOM, pa3AeIeHHBIM TOPU30HTATBHON
YepToi Ha JBe 00JIacTU. 00JIaCTh UMEHH Kjacca U 00JlacTh aTpuOyTOB
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kiacca. Ha nuarpamMmme otoOpakaroTcsi TOJBKO Te€ aTpUOyThI Kjacca,
KOTOPBIC YUACTBYIOT B MapIIpyTU3alluH CO6LITHﬁ;

- MHO>XCCTBO anI/I6y'TOB KJIaCCOB O6’beKTOB, npeaCTaBJICHHBIX Ha aUa-
rpaMme, pa3aciICeHo Ha ABa IMMOAMHOXKECTBA. OOAHO BKIKOYACT B ce0s at-
puOyThI, OTBEYAIOIIME 33 MapUIPYTHU3ALMI0 COOBITUH M Ha3bIBa€MbIC
MapuIpyTHU3aTOpaMu; APYyroe - arpuOyThl, WIIIOCTPUPYIOIIUE KOMIIO-
SUIIUI0 WJIIN BJIOKCHHOCTH 00BEKTOB U HA3LIBAEMBIE KOMITIO3UTOpPAaMHU.
Ha cxewme, moka3aHHo#i Ha puc. 5.8, MapuipyTuzaropaMu SBISIOTCS aT-
puoyTel touchTime, startTime, fractionChanged, setFraction, val-
ueChanged, rotation; kommo3utopamu - children, geometry;

- MHOECTBO OTHOIIEHUN MCXKOY O6’beKTaMI/I, npcacTaBJICHHBIX HA JHaA-
rpaMme, pa3aciceHo Ha ABa IOJMHOXXECTBA. OAHO COACPKUT OTHOIICHUSA
KOMIIO3HUIIMH, OTpaXaromue HUCpapxXuro O6’beKTOB, yY9acCTBYrOomux B
MapIIPyTU3alKUU COOBITUH (T.e. CTATUYECKYIO YacCTh CXEMBI); APYroe -
OTHOILECHHUSI MapIIPyTU3aLMK, OTPAKAOUIMEe MapLIPYT COOOIICHUN Te-
HECPHUPYEMBIX M MEPCAaBaACMBIX OT OOAHHX 00BEKTOB K Apyrum (T.e. An-
HAMHUYECKYIO YaCTh CXEMBI);

- OIINCaHHUuC CO6LITI/I$I, npeacCTaBJICHHOC Ha AUarpaMme OBaJIOM C IIOsAC-
HAIOIHUM TCKCTOM BHYTPH. Omnucanue coOBITHS COCOUHACTCA C COOT-
BETCTBYIOIIMM IIEPEX0IOM B MAPUIPYTE JIMHUEN C TOYKOW HA KOHIIE.

Transform OrientationInterpolator
rotation D set_fraction |g------
| |
[} [}
'-\— valueChanged '
[}
hil I !
children \ i
| (I‘IOBOpOT y3na Transform> i
v y :
i
Shape TouchSensor TimeSensor '
[}
[}
[}
Q@ » touchTime |--p| startTime i
L1 geometry | | i
[}
¢ fractonChanged |-J

Box C LLENYOK MbILLN )

Puc.5.8. Ilpumep cxemvl mapuipymu3zayuu coOblmuil ¢ UCROIb308AHUEM HOMAUUU
CIMAMUKO-OUHAMUYECKUX OUAPAMM
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C yyeToMm TepeduClIeHHBIX BbINIE MOHATHH auarpamma SDD umeer cre-
ayrolee o011ee aHATMTUYECKOE MTPEeCTaBICHUE:

SDD = (UN)U(UR)UUR,IUUD).

rae N - MHOXeCTBO KJ1acCOB 00BEKTOB (y3JI0B);
Rc - MHOXKECTBO OTHOIICHU KOMITO3HIIHH;
Rv - MHOXECTBO OTHOIICHU MapIIpyTH3AIIHH,
D - MHOXECTBO ONMUCAHUN COOBITHIA.

Huarpamma SDD, ucnonsisyemas ans rpaduueckoro omucanus VRML-
CIICHBI, SABJISETCS CBOECOOPA3HBIM THOPUIIOM CTATUUYECKOW IUarpaMMsbl, Moa00-
HOW Juarpamme kitaccoB (class diagram), u quarpaMMel, OTpaKaroOIIeH TUHAMU-
Ky TMOBEJCHHs CHCTEMBI, II0J00HOM quarpamme cocrosHui (Statechart diagram)
B HoTaruu s3eika UML [142]. OHa mo3BoJisieT BBIOJIHUTD HATJISAHOE MPOCKTH-
pOBaHUE, OMHCAB CTPYKTYPY KJIACCOB OOBEKTOB U YCTAHOBUB OTHOIIEHUS MEXKIY
3aIaHHBIMU O0OBbEKTAMMU.

5.4. YnpasJieHue BbICOKOYPOBHEeBbIM npeacraBienuem KMHUA

Buemnsiss Moaens o0beKTa - BBICOKOYpPOBHEBOeE mpencraBieHue KMUA,
MOATOTOBJICHHOE JJISI Pa3MEIIeHUs U BU3yaIu3alliu B CpeJe BUPTYaJbHBIX CIICH,
WK MHPOB. B omucanuu TpexmMepHOro o0ObeKTa, coaepkamierocs B Wrl-gariine,
UCIIONB3YETCsl COOCTBEHHAs] CUCTEMa KOOPJIWHAT, B KOTOPOM BBIMOJHSIIOCH I0-
CTPOEHHE €r0 MOJIENH, a TaKXKe COOCTBEHHBIE JIMHEHBIE pa3Mephl 00bekTa. Jliis
MOAKIIOUEHUSI 00BbEKTa K O0IIEeH ClieHe HeOOXOAMMO 3a/laTh €ro CMELIEHUE OT-
HOCUTEJBHO Hayaja CUCTEMbl KOOPAUHAT CLIEHBI U, BO3MOXHO, IOBOPOT BOKPYT
YKa3aHHOW OCH, a Tak)Ke MaclITaOMpOBaHUE, MO3BOJIAIOIIEE 00ECIEUUTh COpas3-
MEPHOCTh (IPOMOPIIMOHATBHOCTE) 00BEKTOB CIICHBHI.

Jlna 3amaHusl yKa3aHHBIX TapaMeTPOB MOJETH OOBEKTa HCIOJIb3YEeTCs
rpynnupyoommi y3en Transform, npeacrasnennsiii B si3pike VRML, umMerommii
Cpe MPOYNX OTKPBITHIX MoJiel ciaeayromue [ 138]:

Transform {

translation x y z
rotationxy z a
scalexy z

children[]
}
Takum oOpasom, y3en Transform ompezenser Tpu BO3MOKHEBIX BHA IIpe-
oOpa3oBanmii. nepemMemnicuue (translation), spamenne (rotation) m macmradu-
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poBanue (Scale). YkazaHHbIe BHBI NMPEOOPA30BAHUN PACTPOCTPAHSIOTCS M HA
O0O0BEKTHI, ABISAIOIINECS TOTOMKaMu Toro y3ia (children).

Crnenyer OTMETUTD, YTO HE TPeOyeTCs MPUCYTCTBUS BCEX TPEX BHUJIOB Mpe-
o0Opa3oBaHMsI cpa3y B OMKMCAHUU y3Ja. B To ke Bpems y3en Transform mo3sosser
UMETh BHYTpHU ceOs BIIOKCHHBIE y3JbI Transform, obecrieunBasi TeM CaMbIM BO3-
MOKHOCTB JIJIsl BBITIOJTHEHUS TOCJIEA0BATEIBHOCTH MPeoOpa3oBaHuil. 3aaHHBIN
MOPAJIOK CIIeZIOBaHUsI MpeoOpa3oBaHMil HEMOCPEICTBEHHO OTpa)kaeTcs Ha pe-
3yJIbTaTe, MOCKOJIBKY B MpeJenax oaHoro y3ia Transform npeodpazoBanus BbI-
MIOJIHAIOTCS B CIEIYIONIEH OYepeJaHOCTH: CHadajlia MaclITaOMpOBaHUE, 3aTeM
BpalllcHUE ¥, HAKOHEIl, TepemenieHue. Takum oOpa3oM, eciii HEOOXOIUMO BbI-
MOJIHUTh TIEpEeMEeIIeHne OO0BEKTa, COMPOBOXKIAEMOE BpAaIlEHUEM, MPUXOJIUTCS
CO3/1aTh BJIOYKEHHBIC Y3761 T ransform.

Pacuer 3HaueHMI yKa3aHHBIX OTKPBITBIX IoOJIeH y3ima Transform tpeOyer
3HAaHHS Pa3MEPOB M KOOPJWHAT LIEHTpa Mapajuiefienume/a, OrpaHuINBaOIIETO
TpexMepHbIii 00bekT (BoundingBox). Dtu naHHBIE MOTYT OBITH B3SThI JIUOO W3
¢daiina TEOMETPUUYECKONW MOJENH, TMOJATOTOBIECHHOTO COOTBETCTBYIOIICH MpoO-
rpammoii (Harmpumep, WINGRAF), nmmubo paccyuTaHbl B CHEIUATBHOM MOIYJIC
camoro VRML-reneparopa. Moayib JOKEH aHAIM3UPOBATh MOJIyYEeHHBIA W |-
¢aiin, Gukcupys y37abl TEOMETPUUECKUX IEMEHTOB 00BEKTA, U OMPEACIIATh JJIs
HUX MUHMMaJIbHO ¥ MaKCHMaJbHO BO3MOXKHBIE cMelIeHus. B pa3paboTke mMosy-
JIsl, HAIIMCAHHOTO Ha s3bIke JavaSCript, ucnonb3oBana OMOIMOTEKa Ki1accoB EX-
ternal Authoring Interface (EAI), npennasHadeHHast UIsi HEMOCPEICTBEHHOIO
yIIpaBICHUS y3JIaMH BUPTyaisHOTO Mupa [139, 143].

I'enepanus BHemHEH Mojenu oOBEKTa 3aKirovaeTcs B (OPMHPOBAHHUH
onucaHusl Habopa y310B Transform C 3a7aHHBIMU TapaMETPaMU: KOOPAMHATAMHU
IIEHTPA, YTJIOM ITOBOPOTA, KOAPPHUIIUESHTOM MACIITAOMPOBAHUS U CChUTKaMH (4e-
pe3 y3en Inline) Ha KOHKPETHBIN TpeXMepHbI 00beKT. CaM 00BEKT MOXKET ObITh
7100 JOKANbHBIM, T.€. XPAaHUTHCA HA MAarHUTHOM JHCKE KIMEHTCKOTO KOMITbIO-
Tepa, MO0 yAaleHHBIM, T.€. HaXOAuThcs B ykazanHoM y3iie (URL) cetu Internet
v intranet [139].

[Ipumep omucaHus OJHOTO M3 TaKUX y3J0B, copmupoBanHoro VRML-
TeHEPaTOpPOM U TPEJICTABIAIONMIETO MeOenbHbIH 00beKT «CToJN-mKad HAIMoJb-
HBIM ¢ 5-10 BBIABMKHBIMH SIIHUKAMH» IS BUPTYaJbHOTO KYXOHHOIOo Habopa
(puc. 5.7), npuBencH HIKE.

Transform {
translation 1.61 0.414 0.306
rotation0010
scalell1l
scaleOrientation 0010
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center 000
children [
Transform {
translation 00 0
rotation0010
scalell1l
scaleOrientation 0010
center 000
children [
Transform {
translation 0 -0.313024 -0.3
rotation0010
scale 0.888889 1.00976 1.07143
scaleOrientation 0010
center 000
children [
Inline {
url ["d:\WinGRARWRL\Mebel015.wrl"]

}

}

B nanHOM ciydae OOBEKT SIBISETCS JOKAJbHBIM M PACIOJIOKEH HA JIHCKE
d: B manke \wingraf\wrl\, conepxxameit Wrl-daitner MmebenbHbIX 00beKTOB. [TpH
nepechuike (aiioB, PacmoyiOKEHHBIX B pa3IMYHBIX y3iax cetu |nternet, mpen-
BAPUTEILHO MOJKET BBINOJHATHCSA UX CKATHUE C MOMOUIBIO YTUIUTHI-apXHUBaTOpa
0Zip, MO3BOJISIONICH YMEHBIIIUTh HCXOMHBIN pa3Mep (aiina B 15...20 pa3. Apxu-
BUPOBAHHBIN (ailll MOKET Tak)Ke UMETh paclIMpeHue UMeHH Wr |, kak u ucxo-
Hbeli. CnenuanuzupoBanHble VRML-penakTtopsl o0ecrneunBalOT BO3MOXKHOCTh
COXpaHEHUs pe3yNbTUpYIoIero Qaiiia B apXMBUPOBAaHHOM BHUJE. BOIbIIMHCTBO
VRML-6pay3epoB aBTOMAaTHYECKH PACIIO3HAIOT CKaThli (opMat (Wrz) U BHI-
MOJTHAIOT PACMaKoOBKY (paiiyia ¢ mocnenyoumm 0ToOpakeHHEeM €ro Colep >KUMO-
r0 Ha KpaHe MOHHUTOPA.
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5.5. JlnHaMuueckasi BbICOKOYpoBHeBasi moxejib KMUA

Meroauka, onvcaHHas BbIIIE, MPENONAraeT HaJuyue BHICOKOYPOBHEBOM
CTPYKTYPHOM MO ME€OEIBbHOr0 O0BEKTa Mpek/e, YeM OyJeT BBIMOJHEH Tie-
pPEXOJ K €ro BHEIIHEW MOJEIU. YKPYMHEHHAs cXeMa KOHBEPTHUPOBAHUSA CTPYK-
typHor moaenu KMUA B tnHaMH4YECKYHO0 BBICOKOYPOBHEBYIO MOJEND BKIIFOYAET
B ce0s CclieyIoNIue Ba OCHOBHBIX dTamna [ 76, 83]:

Tpanchopmanus ctpykrypHoit mogenu KMUA B BEICOKOypOBHEBOE CTa-
TUYECKOE MpejcTaBieHune Ha sa3bike VRML.

Boinenenue B ctpykTypHoid Mojenu KMUA 00beKTOB ¢ AUHAMHUYECKUMU
cBOlicTBaMH, pa3paboTka misg HuX guarpamm SDD, ananm3 ocoOeHHoOCTe#
GyHKIIMOHUPOBaHUs (TMHAMHUKH) O0BEKTOB M (DOPMHUpPOBAHUE 1T HUX COOTBET-
CTBYIOIIUX Y3JIOB clieHapueB (Script).

JI71st aBTOMaTU3alMK TIEPBOTO ATANa CXEMbI MOKHO BOCIIOJIb30BaThCS CIie-
nuanbHeIMU pefakropamMu VRML wnm o6patutbest kK rpaduyecKuM CUCTEMaM,
KOTOpBIE 00€CTIeUNBAIOT SKCIOPT CO3JAaHHBIX C UX MOMOIIBIO rpauIecKuX 00b-
ektoB B VRML. Cpenu cnenuaibHbBIX pelaKTOPOB HaHOOJbIIIEE pacnpocTpaHe-
uue nonyuran Cosmo Worlds, Internet Space Builder, RenderSoft VRML Edi-
tor u npyrue. Dxcnopt rpadudeckort nHpopmaruu B VRML Moxker OBITH BBI-
[OJIHEH C IOMOIIBI0 TaKUX M3BECTHBIX cucteM, kak 3D Studio Max u Corel
DRAW, a Takxe oteuectBeHHO CAIIP bCAD. IIpu 3TOM JOMOJHUTEIHLHO MO-
I'YT UCIIOJIb30BATHCS MPOTrPaMMBbl, BHIMOJHSIOINE ONTUMHU3ALMIO TOTYYEHHOTO B
pesyabTate 3kcnopta VRML-daitna [85].

JIist aBTOMaTU3aluy BTOPOIO 3Tana, 3aKJII0Yarollerocss B HaJeJIeHUU Me-
OeNIbHBIX OOBEKTOB JUHAMUYECKUMHU CBOMCTBAMH, TPEOYIOTCS NpPOTrpaMMHBIE
CpeICTBa, MOJOOHBIC TeM, UTO UMEIOTCs B pa3BuThix RAD-cuctemax (Rapid Ap-
plication Development - ObicTpas pa3paboTka NMprIokKeHH). [laHHBIC CpencTBa
- Y3KOCHEUUATU3UPOBAHHBIE U OOBEKTHO-OPUEHTHUPOBAHHBIE, MOCKOJIbKY OHH
0a3upyroTcsl Ha MepapXxuu OOBEKTOB KOPITYCHOW MeOeln M CTPYKTYpEe CBs3aH-
HBIX ¢ HUIMH METOJIOB, 3aJal0IiX X (pyHKIIMOHUpOBaHUe (MOBeacHKE). B aBTo-
MaTHU3UPOBAHHOM MOCTPOEHUU CXEMBI CBSA3EUH OOBEKTOB U METOJOB UCMOJIb3YET-
cs quarpamma SDD, dopmupyemas monp30BaTeieM Ha OCHOBE aHaln3a CTPYK-
TypHOil Mogenu o0bekToB KMUA.

Cuenapuii B VRML coctout u3 ¢GyHKImi, Kaxkaas U3 KOTOPHIX BBITIOIHS-
€TCsl B OMNpeJeNieHHONW cutyauuu. [Ipu 3ToM Bce (QyHKIMH UMEIOT AOCTYI KO
BCEM ITOJISIM U COOBITHSM, ONpeaeieHHbIM B y3je Script [138].

Cuenapuu, Kak MpaBWIO, PEarupyroT Ha COOBITHUS OKPYKAIOILIEro MUpa,
MoJtyyas BXOJSIINE COOOIIEHHS OT APYrux y3i10B. X 00paboTKa BBHINOIHAETCS C
MOMOIIBIO CMENUANBHBIX (YHKIHMM, Ha3bIBAEMBIX 00paOOTYMKAMU COOBITHIA.
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[Ipu 5TOM 00pabOTUUK TOJXKEH UMETh TO K€ CaMOe€ UM, YTO U 00pabdaTbhiBaeMoe
UM BXOJIsi1Ie€ COOBITHE.

[Tpumep oHOTO U3 MHOXKECTBA y3710B SCript, npencrasinenroro B VRML-
ONMHCaHUU MeOeNTbHOTO 00BhekTa «CToJN-TKa() HATIOJBHBIA C S5-10 BBIABUKHBIMH
suukaMu» (aiin Mebel015.wrl), mokazan Huxke.

DEF $38 Script {

url "javascript:
var open=false;
function fraction (val){ s fraction = open?val:(1-val); }
function toch (val){ open = !open; out_timel =val;}"

eventln SFTime toch

eventln SFF oat fraction

eventOut SFFloat s fraction

eventOut SFTime out_timel

ROUTE $38.out_timel TO $33.startTime
ROUTE $38.s fraction TO $34.set_fraction
ROUTE $32.touchTime TO $38.toch

ROUTE $33.fraction_changed TO $38.fraction

B npuBeneHHOM BbIIIE MPUMEPE OMPEJENICHBI JIBa BXOJAIIMX COOBITHS
fraction u toch, a Takke COOTBETCTBYIOIIHME MM OJHOMMEHHBIE 0OpPaOOTUMKH.
HmeroTcs Takke aBa ucxoaamux coowitus: S_fractionu out_timel. Kpome Toro,
3a TMpeqesiaMu y3ja CIieHapHsl MoKa3zaHa MapHIpyTU3alus UCXOISIIIUX U BXO/Is-
X COOBITHUH y3J1a, ONpeIeJICHHAs C TTOMOIIBI0 KatoueBbiX ¢iioB ROUTE.

Takum oOpaszom, TMHaMUYecKass BBICOKOypoBHeBass Moaeiab KMUA, dop-
MHUpyeMmasi B pe3yJbTaTe PEKOHCTPYKIMH OCHOBHBIX I'€OMETPUUYECKHUX CBOWCTB
CTPYKTYPHOM MOJIENIH, HAJIENISIETC TUHAMHYECKMMU CBOMCTBAMM IyTEM pa3Me-
IIEHUS B HEW Y3J10B CIIEHAPUEB. DTO B COYETAHUHU C BO3MOXHOCTSIMU HaBUTAIUH,
obecrnieunBaembiMu VRML-0pay3epom, MO3BOJSET clenaTh CIIEHY WHTEPAKTUB-
HOM M auHaMu4yHOM. Kaxnplii MeOebHBII OOBEKT CIIEHBI, 00JaNaloNINi COOT-
BETCTBYIOIICH (h)YHKIIMOHAJIBLHOCTHIO, aKIICHTUPYET BHUMAaHUE TOJb30BaTEIIsI Ha
CBOUX OCHOBHBIX CBoMcTBax. [Ipu 3TOM oOecrneynBaeTcsi BO3MOKHOCTh HCCIIe-
noBaTh (hopMy, IIBETOBOE O0(OpMIICHHE, CTPYKTYPHOE HAITOJHEHHE KaXKJI0TO Me-
0eIbHOTO0 00BEKTA, YTO 0COOCHHO Ba)KHO B YCJIOBUSIX BBITTOJIHEHUS MO3aKa3HOTO
npoexkTupoBaHus u npousBoactsa KMUA.
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TJIABA 6
OCOBEHHOCTH OPTAHM3AIIMU TEXHOJIOT MYECKON
MOJATOTOBKHU ITPOU3BOJICTBA KOPITYCHBIX
MEBEJIbHBIX N3AEJINI U AHCAMBJIEA

[Tox TeXHOIOTHYECKOH MOATOTOBKOM MPOU3BOJACTBA MPOMBIIIICHHBIX W3-
JCMI TIOHUMAETCS COBOKYITHOCTh METOJIOB OpraHU3allNH, YIIPABICHUS U PeIe-
HUS Pa3IMYHBIX TEXHOJOTHMYECKHX 3aJad. B yCIOBHSAX aBTOMaTH3MPOBAHHOTO
npousBojcTBa TIIII mpeamomaraer 3¢ peKTHBHOE HCIOJB30BAHUE Pa3IMYHBIX
MaTeMaTHYSCKUX MOJCICH W CPEJCTB BBIYMCIHTECIBHON TEXHHKU IS KOM-
IJICKCHOTO PEIICHUS IPOU3BOJACTBEHHO-TEXHHYECCKUX 3aJad, CTOSMIUX TIEpe
KOHKPETHBIM TPEITPUSTHEM.

[IpakTHYECKHil OMBIT MOKA3BIBACT, UTO B PAJIC CIIYIaeB TPYIOEMKOCTh TEX-
HOJIOTHYECKOTO TPOCKTUPOBAHKMSA MOJXKET 3aMETHO MPEBBIIIATh TPYIOEMKOCTh
KOHCTPYHUPOBAHUS MPOMBIIIICHHBIX H3JCIUM, IIPHUYEM 3TOT MPOIECC 3HAUNTEIIh-
HO TpyaHee hopMau3yeTcs, HMeeT OOJIBIIYI0 BAPUAHTHOCTH IMPOSKTHBIX pellle-
HUW ¥, KpOME TOT'0, COTIPOBOK/IACTCS MOATOTOBKOM 0OJIBIIIOr0 00heMa TOKyMEH-
ToB. KauecTBo, ckopocTh U Oe301mmbouHocTh penienus 3aaaq TII nenocpenct-
BCHHO BJIMSIOT Ha YKOHOMHUYECKYIO 3P (HEKTUBHOCTh U KOHKYPEHTOCITIOCOOHOCTh
MPEATPUATHS.

OcHoBHas 3amaya TIIII uzpenuii KopmycHOMl MeOelnn COCTOMT B MOJHOM
00ecTICUeHUN TEXHOJOTUYECKOH TOTOBHOCTH NPEANPHUATHS K BBITYCKY HOBOM
MPOIYKIIMH, COOTBETCTBYIOIICH 3aJJaHHBIM TEXHHUKO-YKOHOMHUUYECKHUM KPUTEPH-
sM (BBICOKOE€ KaueCTBO H3TOTOBJICHHS, (QYHKIMOHAIBHOCTH, 0€30IaCHOCTD,
yA0OCTBO, 3CTETUYHOCTh MeOeNH, TUIaHUPYEeMbIii 00beM MPOU3BOJCTBA, TpeOye-
MBI TEXHHUYECKHI YpPOBEHb, MUHHMAJbHBIC TPYJOBBICE M MaTCpHAIbHBIC H3-
JIEPXKKHU U T.1.). JJ1s ee pelreHnss HeoOXoauMa peanu3alis CIeIyOMuX MPOeKT-
HBIX OTIEpaLIUM:

- OpraHu3allMOHHAas IMOJArOTOBKA IIPOW3BOJICTBRA,

- 0TpaboTKa MeOETBLHOTO U3/IeTHs Ha TEXHOJIOTUYHOCTD,

- MPOSKTUPOBAHHUE M THUIHU3AIUS TEXHOJOTMYCCKHUX IMPOIECCOB, BKIIFOYAs

pa3paboTky ympasisironux nporpamm (YII) mis crankos ¢ UITY;

- (GopmHupOBaHUE ONTHMANBHBIX KapT PaCKpOs MaTECPHAIOB,;

- HOPMHPOBAHHUE U3TOTOBJICHHS U3JICIIHHA;,

- BBIITYCK TEXHOJIOTUYCCKON JOKYMCHTAINH;

- TEXHOJOTMYECKOE OCHAIIEHHE MTPOU3BOJICTBA;

- OIlepaTHBHOE yIPaBJICHUE ITOATOTOBKOM MPOU3BO/ICTBA.

O6mas ctpykrypa ACTIIII u ee MecTo B KOMObIOTEPU3UPOBAHHOM HH-
TErpUPOBAHHOM IPOU3BO/ICTBE MOKa3aHbI Ha puc. 6.1.
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CHCTeMBI aBTOMATHIHPOBAHHOTO MaTeMaTHECKas MOED CHCTeMbI HHEKEHEPHBIX
IPOEKTHP OB aHHsA (CAD) pactero (CAE)
APRTOMATH3HPOBAHHAS CHCTEMa TeXHOIOTHIeCKOH IToAroTOBKH MpoH3BoAcTRa (CAM)
TexHONOTHYeCKad §a3a 3HAHHIA Tloacuctembl ACTIIL

- oGopyA0BaHHE; - AHATH? TeXHOIOTHIHOCTH,

- HHCTPYMEHT; - @HATH3 H CHHTE3 MapIpyTHRIX TII;

- TEXHOTIOTHYeCKas OCHACTKA, - AHATH? H CHHTE3 OTEPaLHOHHBLIX TIT;

- HOP MaTHEHO-CIPAR 09HAas1 HHopMalpsT; - pacdeT pasMepHBIX Lelet;

- [PYIMIOBLIE H THIIOBLIE TII; - PO EKTHPOBAHHE CIEIHHCTPYMEHTa H

- TIpOLIEMYPLI cHETesa TII, OCHACTKH;

- THITOBBIE HTEMEHTEI 0CHACTKH H - PO EKTHPOE aHHE YTIPARTAOIHX
HHCTPYMEHTA, MpOIPaMM JIT CTAaHKOE ¢ UIIV;

- THIIOBBIe ITHKIIEI 006paboTrH. - hopmMHpoBaHHe TeXHOIOTHY ecKOH

JOKYMeHTaI[HH.

i

CHCTeMbI YIIPARIIEHHA . CHCTEeMBI YIIP ABJICHHS
JAaHHbIMH (PLM, PDM) P = HnpeanpHaTHeM (ERP)

Puc.6.1. Oowan cmpykmypa ACTIIIT

Ncxoanoit 6azoit mns opranmzaumu TIIII sBRsgroTCsa cienyromue JOKY-

MEHTbI

1 HOpMaTHBHBIC TIOKA3aTelIu:
TIOJTHBIA KOMILIEKT KOHCTPYKTOPCKOM TOKYMEHTAIIMHM Ha HOBOE M3/CIHe
(cOopouHBIi YepTex M3ACTUs U pabodne YepTekKHu AeTaneH, cruerudu-
KaIluu);
IJIAHUPYEMBIH roJ0BOM 00BhEM BBITYCKA MPOAYKIIMH IIPH YCIOBHHM MakK-
CUMAaJIbHOM 3arpy3KH MIPOU3BOACTBEHHBIX MOIHOCTEH;
IUIAHUPYEMBIH peXUM padoThl mpeAnpusaTus (Kod(pOHUIUEeHT CMEHHO-
ctd, (GoHI padoyero BpeMeHH);
IJIaHUPYEMbIH KO3()(UIIMEHT 3arpy3Ku 000pyIOBaHHS B YCIOBHUAX BbI-
OpaHHOH CTpaTerMH OPraHW3aldd PEMOHTHBIX M HMPOQPHIAKTHYCCKHX
pabor;
BO3MOXKHOCTh peajM3allid YacTd MPOM3BOJCTBEHHOW MPOTPAMMBI IO
Koorepanuu (M3TOTOBJICHUE W TOCTaBKa CTAHIAPTHBIX DJICMEHTOB W3-
JENHi, CIIeNH(PUISCKUX MATCPUATIOB H KOMIUICKTYIOIIHUX );
mpearnosaraeMble PhIHOYHBIE LIEHBI HOBOM MPOAYKIMU B KOHTEKCTE 00-
IIeH [IECHOBOM MOJUTHKH MPEIIPHUATHUS;
CTpaTerus MHHMMH3AIHMH IPOM3BOJACTBEHHBIX PUCKOB (3amachl MaTe-
pPHAJIOB ¥ KOMIUICKTYIOIINX, HAJTHYNE Ay OIHPYIOIIETo 000pyI0BaHU).



232

TIIII, xak BaXHEHINMI JTaIl KU3HEHHOIO IMKJIa MeOEILHOro H3IEIIUd,
TpeOyeT MOCTOSHHOTO OCYIIECTBJIEHUS MEpPOINPUATHI MO MOOWIM3AIMU U BO-
BJICUCHHIO B TIPOM3BOJACTBO UMEIOIINXCS PE3EPBOB MOBBIMIEHUS 3((HEKTUBHOCTH.
JIJ1st TpaKTUYEeCKOr0 OCYIIECTBICHUS 3TOW pabOThl HEOOXOIMMO PEIICHUE IBYX
3a1a4:

- TMPUYUHHO-CIEJCTBEHHBI aHAJIN3 Pe3epBOB, (DAKTOPOB W YCIOBHM, OT

KOTOPBIX 3aBUCHUT 3P pexkTuBHOCTH TIIIT;

- MPUMEHEHHE UHTETPUPOBAHHBIX aBTOMATHU3UPOBAHHBIX CUCTEM, YBS3bI-
BAIOIIMX OTJEJIbHbIE TEXHUYECKUE U DKOHOMUYECKHUE 3a71a4U B €IUHBIN
KOMILJIEKC.

B ycrnoBusx mo3zakazHOro mpoMBINIIEHHOTO TPOU3BOICTBA WH(POpMATH3a-

s Bcex dtanoB XKW crana cepbe3HbIM (aKTOPOM MOBBIIICHHUS] KOHKYPEHTO-
crocoOHOCTH Tpennpusatus. [lepBoodepenHpIMU 3aa9aMu TOBBIMIEHUS Y dek-
tuBHOCTH cuctemsl TIIII, pemieHre KOTOPBIX BO3MOKHO UCKIKOYUTEIBHO Ha OC-
HOBE TPUMEHECHHUS WH(POPMAIMOHHBIX TEXHOJOTUH, SIBISIOTCS BBISBICHHE
MMEIOUIUXCSL PEe3€PBOB, CHUKEHHE CE€0ECTOMMOCTH MPOAYKIMH, PE3KOE COKpa-
LIEHWE HENPOU3BOAUTENBHBIX 3aTpaT, MOBBIIIEHUE KAYECTBA U3JCIUA U YMEHb-
HIEHUE CPOKOB UX M3TOTOBJICHHS. ClleI0BATENbHO, TEXHOJOTHYECKAs! MOATOTOB-
Ka IMPOU3BOJICTBA HEPA3PHIBHO CBsI3aHA C OPraHU3AIMOHHOM MOJArOTOBKOM, 00pa-
3yd €AUHBIMA 3Tal OPraHU3aAlMOHHO-TEXHOJIOTMYECKON NOATOTOBKHU ITPOU3BOJICT-
Ba (OTIIII).

6.1. Opranu3anMoHHas MOJATOTOBKA MO03aKAa3HOTO MPOMBIIIJIEHHOTO
npousBoacrea KMHUA

Cucrema opraHu3aiiy MPOU3BOACTBA HA IPEANPUATHH B YCIOBUSAX BBICO-
KOW KOHKYPEHIIMM Ha COBPEMEHHOM MeOEeIhbHOM PBIHKE MOJDKHA OOECIeYnBaTh
CYILIECTBEHHBIC MPEUMYIIECTBA BBIMYCKAEMON MPOMYKIMH, KaK MO KaueCTBEH-
HBIM, TaK U 110 BPEMEHHBIM TIOKa3aTelsaM, TIepel aHaIOTUYHOM mpoaykmueit. Le-
JbI0 OpraHU3alMOHHON moaAroToBKHU mpousBozacTBa (OIII) sBusercs Gpopmupo-
BaHHWE HEOOXOJMMOW OpPraHU3AIMOHHOW JOKYMEHTAIIMHU 11 M3TOTOBIICHUS HO-
BBIX MEOEIBHBIX M3/EINI B YCIOBHUIX WHIWBUIYATHbHOCTH MPAKTUUECKH KaXKI0-
ro Beimyckaemoro KMHUA.

[To3akazHoe TPOMBINUICHHOE MPOM3BOJICTBO MeOETu MpeanoaraeT mpo-
BEJICHUE AKTHUBHBIX MAapKETHHTOBBIX HCCJIEIOBAHUH, PE3YyIhTATOM KOTOPHIX SIB-
nsieTcst 00001IeHne TpeOOBaAaHUM PA3TUYHBIX COIMAJBHBIX TPYNN HACEJICHHS K
napameTpaMm (YHKIIMOHAIBLHOCTH, ICTETUYHOCTH, KA4eCTBA U SKOHOMHUYHOCTH.
D10 sABISIETCS HEOOXOMUMBIM s (opMHUpoBaHUS 0a3 MAaHHBIX MPOTOTHUITHBIX
MOJEIEN.
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COOTBETCTBEHHO CTPYKTypa OPraHU3allMOHHOMN MOJTOTOBKUA MPOU3BOJCT-
Ba JOJDKHA OMPEICIATHCS TaKUMH (aKTOpaMH M3JEIUi, KaK KX HOBU3HA, C TOU-
KM 3PCHUS MPUMEHCHHUS MPOTPECCUBHBIX MaTepHasioB, GYPHUTYPHI U TEXHOJIO-
Ui, KOHCTPYKTHUBHas CJIO)KHOCTh, HaJM4YUE MPOPaOOTAHHBIX THUIIOBBIX WJIH
TPYNIOBBIX TEXHOJOTHYECKUX MpolileccoB. [loMrnmMo 3TOro HEOOXOAUMO YUUTHI-
BaTh IUIAHUPYEMbIE MOKa3aTeIM KayeCTBa M HAJIM4YME HEO0OXO0IuMOro o00opyno-
BaHUS U KaJPOB /I MPOU3BOACTBA IJIAHUPYEMBIX 00OBEMOB C y4eTOM HOpMa-
TUBHBIX TEXHUKO-DKOHOMUYECKUX MTApaMETPOB.

Opranu3zaiiuoHHasl CTPYKTypa MPOU3BOACTBEHHO-TEXHOJOTHUYECKUX MOJ-
paszeneHuil mpeanpusaTus Ao KHA oOecreunBaTh d(HPEKTUBHOE PEIICHHUE Clie-
OYIOUIUX 3a/1a4:

- pammoHanpHOe pacupeaencHue (Gynknmii TIIII Mexay oTaeabHBIMH

MOApa3AECICHUSIMH;

- TECHYIO MHTETPAIUI0 TEXHOJIOTUYECKUX CIYKO KaK ¢ KOHCTPYKTOPCKHU-
MU TIOJIpa3ICICHUSIMHA - UCTOYHUKAMH HEOOXOUMOM WH(pOpPMAIIUH, TaK
U C MOJpa3JelICcHUsIMU JIOTUCTUKHU, OOECIEUMBAIOIIMMHU pean3aluio
MPOYKIIHH;

- YETKYIO OpraHu3alnio JOKYMEHTO000pOTa KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUX JOKYMEHTOB, ¢ (PMKcalMeld KOHKPETHBIX UCIIOJHUTE-
Jel U OTCIEKUBAHUEM JIFOOOTO JOKYMEHTa OT MOMEHTa €ro BO3HUKHO-
BEHHS 10 MOMEHTA apXUBallUU;

- BO3MOXHOCTb ONEPATUBHOIO pPearupoBaHUs Ha OBICTPOMEHSIOUIYIOCS
HOMEHKJIATYPY BBIYCKA€MBbIX W3ICJINH.

Ha npennpusartuu, UCHOJIB3YIOMIEM 3J€MEHTHI MO3aKa3HOTO MPOMBIIIIICH-
HOT'O TIPOU3BOJICTBA, MOTYT MCIIOJIb30BAThCS PA3JIMUHbIC BAPUAHTHI OpraHU3aIM-
OHHO-TEXHOJIOTMYECKON TMOJATOTOBKH, OOIasi CTPYKTypa KOTOpPOM MoKa3aHa Ha
puc. 6.2. OHa mo3BOJIsIET 00ECTIEYNBATh MapaIeIbHOE BBIMOJTHEHUE ABYX MPO-
LIECCOB:

- TmpoMbinuieHHOe Npon3BoAcTBO KMUWA 1o MHAMBUIyaJIbHBIM 3aKa3aM

noTpeouTenei;

- BBINYCK WJOTHBIX» BApUAHTOB U3JICJIUN JJIs1 paCIIMPEHUS HOMEHKJIA-

TYpbl IPOTOTUITHBIX MOJICJIEH M OTCIICKUBAHUS TCHIACHIIMM WU3MEHCHUS
MIPUOPUTETOB MOTPEOUTEICH.

Br100op konkpeTHoro Bapuanta OTIIII 3aBUCUT OT claeayOMKUX OCHOBHBIX
(hakTopoB:

- JO0JISl U3JICIUN, BBITYCKA€MBbIX MO0 MHIMBUIYaJbHBIM 3aKa3aM, B MPOU3-

BOJICTBEHHOM MPOTrpaMme NPEAIIPUSTHS;
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- YpOBE€Hb OpTaHU3AIMH TOJATOTOBKK MPOM3BOJACTBA, B TOM YHCIE YypO-
BEHb ABTOMATHU3allUW BBITIOJHEHUS MPOCKTHO-MPOU3BOJICTBEHHBIX OIlE-
pauui;

- CKOpPOCTb, TOUHOCTb U 0€301IMO0YHOCTH BhINIOIHEHUs TanoB TIIIT;

- TOJHOTAa W JOCTOBEPHOCTh HMCXOJHBIX AAHHBIX IJIS PEIICHHS 3a]ad

TTIII.
ITpHeM 3aKaza - Mapi{em]-lr
+ AHH-TIPOEKT
P eHH>KHHHPHHT B/l poTOTHIIOB AP
MOJ eTH !
KoHCTpyKTOpCKas
O doprIpoRaHHE e
MIPOTOTHIIA ¢
T
H +
T
q TeXHOIIOTHIHOCTH
h a
Bribop B, THITOBBIX i !
THIIOBOTO TTI TII " l— PazpaBotka TII
T11
VII st cTaHkoR ¢ UITY PackpoH MaTepHATIOBR
! ; ' |
Pacuer TexHonorH4ecKas |
cefeCcTOHMOCTH JMOKYMEHTaLHA | HopuHporaHHe
£ 1
MarepHaTbI H |, HHCTpYMEHTATREHO
KOMIUTCKTYIOIIHE oDecried eHie
I
* + HenbITaHHA H
| 3axaz | | OmmbITHBLH 0Bpasert — CepTH{HHKALTHS
3aKazaHK (1 MebebHbL canoH

Puc.6.2. Oboowennasn cmpjncmypnaﬂ cxema OTITII KMHA

Ha ocnoBanuu npunsron cxembl OTIIII pa3zpabaTeiBatOTCs TUIIOBBIE T'pa-
¢buky, oTpaxarouire Habop U MOCIEA0BATEILHOCTh pealn3ali OTIENbHBIX ITa-
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MOB TEXHOJIOTHYECKON MoArotoBku. OCHOBBIBasCh Ha 3TUX rpadukax, Gopmu-
PYIOTCSI KOHKPETHBIE 3K3EMIUISIPBI JIJIsl OTACJIBHBIX 3aKa30B HJIM pa3paboTOK ¢
00s13aTeNIbHON (PUKcalMeld BpEMEHHU BBITIOJIHEHHSI KaXJI0r0 dTana U OTBETCTBEH-
HBIX ucnonHuTeNnel. O000IIeHHas cXeMa TIOCTPOSHHS TUIIOBOTO rpaduka mpe-
CTaBJIsIETCS B BUE rpada, moKa3aHHOro Ha puc. 6.3.

1 — KOHCTPYKTOpPCKast TOKYMEHTAIlHS,

2 —mapupytabii TIT;

3 —onepanmonnsii T1I,

4 — peMH>)KMHUPUHT TTPOTOTUITHON MOJIENH,

5 — IPOEKTUPOBAHNE U U3TOTOBJICHNUE OCHACTKH;
6 — Be16Op THUMOBOTO TTI;

7 — pacyeT 1IeHbl U3CNUS,

8 — TexHONOorMYeCKast JOKYMEHTAIIHS,

9 — packpoii MaTepHaloB,;

10 — MaTepuanbHO-TEXHUYECKOE 00ECTICUCHHE;
11 — TunoBbIe M YHUPHUITUPOBAHHBIEC JIEMEHTHI,
12 — cbopka,

13 — ymakoBka,

14 — ucnipiTaHUA ¥ cepTUDUKAIINS,

15 — otrpy3ka.

Puc.6.3. I'pag peanusayuu 3aoau OTIIIT

[Tepuon OTIIII nnst BBIIOTHEHUS] UHAMBHUYyaJIbHBIX 3aKa30B Ha 0asze OT-
PabOTAHHBIX TUIIOBBIX TEXHOJOTMYECKUX MPOLECCOB HE TPEeOyeT CYIIECTBEHHBIX
3aTpaT BpeMEHH. B omiMume OT 3TOro, mpu CO3JaHUHM IMPOTOTUIIHBIX MOJIEIEH
TpeOyeTcs THiaTelbHas MpopaboTKa BCEX ITAIOB, MOKa3aHHBIX Ha puc. 6.3, 4To
3aHUMAET OT OJHOTO O JBYX MecAleB. /(g coXpaHEHWs MMEIOIMXCS KOHKY-
PEHTHBIX MPEUMYLIECTB U ONTUMAIbHON MacChl MPUOBUIM MPEANPUITHS HEOO-
XOJIMMO OPTaHU30BaTh OMEPATHBHOE OOHOBJICHUE HOMEHKJIATYPhI MPOTOTUITHBIX
MOJEJIEH, CTaTyC KOTOPBIX ONpeeNnsieTcs: 1u00 TUPEKTUBHO, MO0 mocie 30HI1-
POBaHUS NOTEHIMAIBHOTO CIPOCA MPU IKCIOHUPOBAHUH KITUJIOTHOI0>» BApUAHTA
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B MEOECNIbHBIX CaJloOHaX B TEUECHHE OJHOI0 - TpPeX MecCsIeB. PekoMeHIyeMblii
YPOBEHB Iepexoja Ha HOBYIO MPOTOTHIHYIO0 Mojenb coctapisaeT 40...60 % me-
pHOJa IKCIUTyaTallik CTApOd MOJIENH, YTO WLIOCTPUPYETCS TpaduKoM, MOKa-
3aHHBIM Ha puc. 6.4. Bo Bpems mepexoja B KadeCTBE MIPOTOTHITHBIX MOJEICH 0J1-
HOBPEMEHHO OYIyT MpeIaraTthCs U CTapoe, U HOBOS M3JICIIHS.

i

" MonemH 0, 3, I I1; — nporoTunHas
4T : — MOJIEIb,
Mol . O3 33 11 . Oi — mepuon
3 ! ] ' OTIIIT;
Mol | Q2 32 11 . 3i — mepuoj u3ro-
' ' ' ' TO-BJICHHA W 30H-
M, 11 : JTUPOBaHUS CIIPO-
MecsipbI ca
1 2 3 4 5 6 7 &8 9 10 11 12 13

Puc.6.4. /lunamuxa o6Ho61€HUA RPOMOMURHOU MOOeNU

6.2. MeToauka aBromaTu3anuu npouecca TIIII

['enepupyemas Ha 3Tare MPOEKTUPOBAHUS MEOEIBHOr0 M3JIEUs MaTeMa-
TUYECKash MOJieJib, KaK OCHOBA aBTOMATHM3allMM BCEX TMOCICAYIOIMUX 3TaroB
KIIN, nomkHa COOTBETCTBOBATH OCHOBHBIM IOJOXKEHUSAM KOHIEMIIUU O€3011HU-
OOYHOTO MPOEKTUPOBAHUS U MPOU3BOJCTBA CIIOKHBIX U3ACIUN KOPIYCHOU Me-
O0enu. BeimoiaHeHWE 3TOro yCJIOBHS MO3BOJIMT MOBBICUTH YPOBEHb aOCTpPAKIIUU
MIPUHSTUS TEXHOJIOTHMYECKUX PEIICHUN U, CIeI0BaTEIbHO, OTpadOTaTh IEJbIN
pAl TEXHOJIOTUYECKUX TpeboBanuit eme a0 nepegaun moaenu B ACTIIIL.

OO6uielt 0cOOCHHOCTHIO aBTOMATU3ALMU TEXHOJIOTHYECKOTO MPOSKTHUPOBA-
HUS SBIISCTCS HEIOCTaTOYHAsI HHPOPMAIUSA O 3aKOHOMEPHOCTSX 3TOTO Mpoliecca
1 OOJBIION YIETbHBIM BeC CyObeKTHBHOTO (hakTopa. B mpomsBoacTBe Kopmyc-
HOM MeOenu TaKoe COCTOSIHUE AOMOJHSAETCS TPaAUIIMOHHBIM MpPEBATMPOBAHUEM
KOHCTPYKTOPCKO-IM3aMHEPCKON MNPOpabOTKH H3JEIUM HaJ TEXHOJIOTHMYECKOM,
YTO XapaKTEPHO ISl OOIBIIMHCTBA MPEANPUITHM.

JIns aBTOMAaTU3allui TEXHOJOTHYECKON MOATOTOBKM MeOEIHbHOT'0 MPOu3-
BOJICTBA HaubOoJiee MOAXOJSIIUM SBISETCS HUTEPAIMOHHBIT MHOTOYPOBHEBBIN
METO/I, PU KOTOPOM BECh MPOIIECC pa3AeisieTcs Ha TPU B3aMMOCBSI3aHHBIX ATa-
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a, XapaKTEePU3YIOUIUXCS MOCIEeI0BATENbHBIM BO3PACTAHUEM CTEIICHU JIeTaan3a-
MY IPUHUMAEMBIX PELICHUN
- MPUHIMIUAIBHBIA 3Tal, Ha KOTOPOM pa3padaTbiBaeTcsi o0uas CTpykK-
TypHasi CXeMa TEXHOJOTMYECKOTO MPOIIeCcCa;
- MapUIpyTHBIA 3Tam, Ha KOTOPOM (GOPMHUPYETCS TEXHOJIOTUUECKUI Map-
mIpyT 00pabOTKU JIeTaleld U ONpeNeNsieTcsl UX COCTOSTHUE IO 3aBeplie-
HUU KaXXJ0il onepaluu;
- OIEpALMOHHBIN 3Tal, Ha KOTOPOM JAECTAIU3UPYIOTCS MEPEXObI MO KaX-
J0W orepanuu U (GOpMHUPYIOTCS YIPaBISIOMIAE MPOrpaMMbl IJis CTaH-
koB ¢ UITY.

MartemaTuyeckass MOJENb TEXHOJOTUYECKOTO MPOEKTUPOBAHUS MOKET
OBITh TIpeJICTaBICHA B BUJE Tpada, BepuimHaMu KOTOPOTO SBISIOTCS YTBEpXKIe-
HUsS, CPOPMUPOBAHHBIE HA OCHOBAaHUU PE3yJbTATOB peaTU3alNK MPEIablTyIIero
YPOBHSI, TMOO0 MCXOJIHbIE YTBEPKJICHUS, a AYraMH — BapUAHTHBIE AJIEMEHTHI UC-
komoro TII. I'pad momoOGHOTO THMA OTpakaeT OCHOBHBIE 3aKOHOMEPHOCTH TPO-
EKTUPOBAHUS U UHBAPHUAHTEH K CHEIU(PUKE KOHKPETHOT'O MPEAIPUATHS.

HcxoaHpIMU YTBEPKACHUSAMHU TEXHOJIOTHUYECKOTO MPOEKTHUPOBAHUS SIBIISI-
I0TCA peanuzyembie QyHKIIMU 0O0pabOTKHU U 3aJJaHHbIE TPOTrPaMMBI BBITTYCKA TIPH
YCJIOBUU OTPaHUYEHHI MO MPUMEHSIEMBIM MeToJaM 00paboTku M 00OopyaoBa-
HUIO, UMEIOUIMMCA MHCTPYMEHTAM M MPUCHOCOOJECHUSIM, MPUMEHSEMbIM MaTe-
puanaM. 3amadeidl TEXHOJOTMYECKOTO MPOECKTUPOBAHUS SABISETCA ONpPEACIICHUE
takux napameTpoB TII B pamkax CyIIeCTBYIOIIMX OTPAaHUYEHHH, MPU KOTOPHIX
TEXHOJIOTHYECKass ce0eCTOMMOCTh Obl1a Obl MUHMMAJIbHOM .

OTMeueHHbIE BBIIIE OCOOCHHOCTH TEXHOJIOTHUYECKOTO MPOEKTUPOBAHUS
ONPENENAT HEJOCTATOUYHYIO JIOCTOBEPHOCTh OOJIBIIMHCTBA MPUHUMAEMBIX
MIPOMEXKYTOUHBIX pemeHui. [1oaToMy 3TH pelieHust TOJKHBI MOCIeI0BaTEIbHO
YTOUHSITHCS TP MEPEXOE OT YPOBHA K YPOBHIO U IOCTUTaTh COOTBETCTBUS Tpe-
OyeMoil TOUHOCTH Ha MOCJIEIHEM UX HUX:

S <S+1<"'<SN;

rae N — koau4yecTBO ypoBHEW pa3OueHus.

CnenoBartesibHO, HAa JIIOOOM M3 MPOMEKYTOUYHBIX YPOBHEU T€HEpUpYETCs
MHO>XECTBO BapHaHTOB, M3 KOTOPHIX (OPMUPYETCS MOAMHOKECTBO JIOKAIHHO
ONTUMAJILHBIX BapUAHTOB, MOJUICKAIIMX JaJbHEHINCH neTanu3alul U yTOYHe-
Huro. O000IIeHHAass CTPYKTypHasi cXeMa UTEPAIlMOHHOr0 ajJirOpUTMa aBTOMATHU-
3upoBaHHOTO TIpoekTupoBanus TII mpuBeneHa Ha puc. 6.5.

TexHonornyeckas 6aza 3HaHHN COIEPIKUT HEOOXOAUMBIN 00bEM JTaHHBIX,
CTpYNIUPOBAHHBIX B COOTBETCTBUM C pHUC. 6.1, a Takxke MeTaJaHHBIC, OMHUCHI-
BAIOIINE CTPYKTYPY U MPOIEAYphl 00paboTKM 3TUX AaHHBIX. Omneparus moucka
aHajiora B HEW OCHOBBIBAETCS HA TMOHATHUU TeXHoJoTrmueckoro momoOms: TII

Sy - Sy|® min,
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CUMTAIOTCS TIOJTOOHBIMH, €CITH PA3JINUUe UX CBOMCTB, CTPYKTYPHI U (DYHKIIUI HE
MPEBBIIIAET 3HAYCHU I 3apaHee 3aJaHHbIX KOHCTAHT:!

\a,j - sj\EDsj,

rae §j— xapakrepuctuka j—ro napametpa i—ro TII;
S — xapakrepucTHKa j-To mapameTpa cuHTesupyemoro TII;
DS — To4HOCTB OLIEHKH J—T0 mapameTpa.

Onepanusi moUCKa SIBJIAETCS MEPAPXUUECKOM, IPU BBIMOJIHEHUU KOTOPOU
IIPOU3BOAMUTCS IMOCJEA0BATENIBHOE KYCHUJIEHUE» KPUTEPUEB OTOOpA, HAUYMHAS OT
OCHOBHBIX mpu3HakoB. [IpeoOpazoBanue Haligennoro Tll-anamora 3akiroyaercs
B JIOTIOJIHEHHUH €ro moarpadaMu TeX onepanuid ¥ MepexoJ0B, KOTOPHIE MOIHO-
CTBbIO OTCYTCTBYIOT WJIM PEANTHU3YIOTCSA C HEAOCTATOYHOM TOYHOCTBIO, @ TAKIKE — B
UCKITIOUCHUH TOATpadoB, CBA3aHHBIX C OTCYTCTBYIOIIMMH OIEpaIusM U Tepe-
XOJIaMH.

Hayano
e ) [Tr—
AHATH3
IToHCK B Daze
. eapHaHTa TII
SHAHHH
Her Her FOIh
COOTEETCTBHE?
Ha Ta
IIpeoOpazopaHHe IIpHceoeHHe
TII CTaryca
ONTHMATLHOCTH
Ha
L= CHHres TII Ec1b
ellle BapHaHThI?
Hert
MoaempopaHue [ Koxer j
papHaHTa TII
|

Puc.6.5. Cmpykmypunas cxema umepayuonHozo anzopumma

OcHoBoii cunre3a TII sBruseTcss NEKOMMO3UIUS peannu3yeMblX UM (PyHK-
IMA Ha SJIEMEHTApPHBIE OMNEpaluu C MOCIEAYIOIMUM MOAOOPOM CTPYKTYPHBIX
AIIEMEHTOB I UX pealu3aluy ¥ JaIbHEHIIMM (HOPMHUPOBAHHEM MEKIIEMEHT-
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HBIX TIPOCTPAHCTBEHHO-BPEMEHHBIX CBsI3el B BUJE rpada AOMyCTUMOTO BapUaH-
ta TIL.

Onepauust MmonenupoBaHust ouepennoro Bapuanta TII 3akmrodaercs B mo-
CTPOEHUH HMMUTALIMOHHBIX MOJEJIEN COOTBETCTBYIOUIMX YPOBHEW, YUYMUTBHIBAIO-
IIMX 3aKOHBl W3MEHEHHS BXOJHBIX BEJIIMYMH, TEXHOJIOTUYECKUE OrpaHUYCHUS,
napamMeTpbl TOYHOCTH M HAACKHOCTH, d3P(PEKTUBHOCTh U MPOU3BOAUTEIHHOCTD
TII. B cuny HemocTaTouHOW (popmanm3anuu onepanuii Ha HayaJdbHBIX YPOBHSIX
MIPOEKTUPOBAHUS MOJEIUPOBAHNE HA HUX MOYKET BBINOJHATHCS TEXHOJIOTOM.

JlaHHBIE, TONYyYEHHBIE MPU MOJEIUPOBAHUM, AHAIM3UPYIOTCS HA AOMYC-
TUMOCTb B COOTBETCTBUHU C 3aJIlaHHBIMHU YCIIOBUSIMH, B ITPOLECCE YETO BBISABIISA-
IOTCSI OTKJIOHEHUSI M BO3MOXKHBIE NMPUYUHBI UX BO3HUKHOBEHHUS. OCHOBHBIMHU
KPUTEPUSIMHU TAKOT0 aHAJIM3a SBIISIFOTCS TOYHOCTh U MIPOU3BOAUTEIBHOCTH 00pa-
00TKH, a TaKke ee ce0ecTOMMOCTh. MaTeMaTuuecKoe OMMCaHue KPUTEPUEB UMe-
eT IIMPOKUH Juama3oH. OT Habopa 3BPHCTHYCCKUX METOJMK (IBPHCTHK) Ha
BEPXHHUX YPOBHIX N0 TOYHBIX (POpMysn BBIOOpa ONTUMAIBLHON TPACKTOPUU H
pacuera peXKMMOB PE3aHUs HA HUKHUX YPOBHSX.

Hanpumep, MonenupoBaHue omepalnuii, 3aKII0YaroLIeecs B ONPENCICHUs
VX PAalMOHAJBHOIO COCTABA M IMOCJIEN0BATEIbHOCTHA BBIITOJHEHUS, OCHOBAHO Ha
aHaJM3€ OTHOILICHHN MEXIy MOBEPXHOCTIMH JeTaid. OTHOIICHUE HAJIOXKEHUS
BO3HUKAET TOT/Ia, KOT/Ia OJIHA TOBEPXHOCTh HE MOXKET OBITh 00paboTaHa paHbLIE
IpYroi, a OTHOIIEHHE TOYHOCTH, — KOT/Ia OJHA MOBEPXHOCTH SIBISIETCS 0a30BOiA,
a psii IpYruX MOBEPXHOCTEH 3a/1a10TCSI OTHOCUTENBHO 3TOM 0a3bl.

PesynbraTom paboThl pacCMOTPEHHOTO alTOpUTMa SBISETCS (POpMUPOBA-
Hue MHOXxecTBa TII, KOTOpPBIM NPUCBOEH CTaTyC ONTHUMAJbHBIX, T.€. C MaKCH-
MaJIbHO BO3MOKHOM CTENEHBbI0 TOYHOCTH PEAIM3YIOIIMX MOCTABIEHHYIO 33/1a4y.
MO1IHOCTB 3TOr0 MHOXECTBA ONPENEIAETCS CTENEHBIO <OKECTKOCTH» KPUTEPUEB
aHanmn3a. YacTHBIMU CIIydasiMH SIBJISIFOTCSI MHOXKECTBO M3 OJAHOIO 3JIEMEHTA, KO-
TOpPBIN MpeacTaBisier cobor ontuManbubli TII, m mycTtoe MHOxecTBo. [locnen-
HUM CJIydail COOTBETCTBYET OAHOMY M3 TPEX BO3MOKHBIX BAPUAHTOB!

- KpUTEpHUHU 0TOOpA CIUIIKOM «KECTKHE,

- B 0a3e NaHHBIX HET MOJAXOMASAIIECTO aHAJIOra,

- HEBEpHBIE MPEANOCHUIKU CYOBEKTUBHOTO MOJACIMPOBAHUS.

6.3. OGecnevyenune TeXHOJOTHYHOCTH KOHCTPpYKiun KMUA

TexHOMOTHYHOCTh KOHCTPYKIIMU TPEACTaBIsIET cOO0N TaKyr COBOKYII-
HOCTh KOHCTPYKTHBHO-TEXHOJOTHYECKUX TMapaMETPOB MEOCIbHOTO W3/EIHs,
KOTOpasi 00eCIeUYnBaIOT €ro M3TOTOBJICHUE M cOOpKy Hambosiee 3(hPeKTUBHBIM
CIIOCOOOM MO0 CPAaBHEHHUIO C KOHCTPYKIHMSAMHU aHAJIOTHYHOTO (DYHKIIMOHAIBHOTO
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Ha3HAUYECHUS U KaueCTBa, M3rOTABIMBAEMbIMHU B OJMHAKOBBIX ITPOU3BOJICTBEHHBIX
yciaoBusX. JIJisl OIlEHKH BapUAHTOB KOHCTPYKIIMN HMCTOJIB3YIOTCS 0a30BbIE MOKa-
3aTeI TEXHOJIOTUYHOCTH W3JIEHsI, KOTOPbIE MOTYT BapbUPOBATHCS ISl pa3iny-
HBIX TPYINN W3JEJINH, TOITOMY IPU CPABHUTEIBHOW KOJIMYECTBEHHOM OIICHKE
JOJDKHBI IPUMEHSTBHCSA OJTHU M T€ K€ IMOKa3aTeIu, pacCUUThIBa€MbIE IO HUJICH-
THYHBIM METOJIHKAM.

3agaya oOecrieueHUs TEXHOJOTUYHOCTH KOHCTPYKIIMU MEOEIBLHOr0 HU3Jie-
Jusi MTH(POPMAIIMOHHO CBS3BIBACT JTAIlbl KOHCTPYKTOPCKOM (ONTHMHM3AIUs KOH-
CTPYKTHBHBIX PCIICHHMI) M TEXHOJOIMYECKON MOATOTOBKH Mpom3BoAcTBa. OHa
MMEET CBOEH I11eJIbI0 TOBBIIICHUE MPOU3BOAUTEIBHOCTU TPYJa, COKpaIlCHUE
BPEMEHM Ha U3TOTOBJICHUE W3/ICNIUN, ONTUMHU3AIMIO TPYJAOBBIX U MaTepHUATbHBIX
3aTpaT, COKpalleHUEe BHEMPOU3BOICTBEHHBIX U3/ICPIKEK.

KonuuecTBeHHast OleHKA TEXHOJIOTMYHOCTU KOHCTPYKLMH W3IETUS IPO-
W3BOJIUTCS TIO PSAY MOKa3aTesiei, OCHOBHBIM U3 KOTOPBIX SIBISETCS TEXHOJOTHU-
yeckas Ce0eCTOMMOCTh M3TrOTOBJICHUS, HMMEIoIas KOMIUIEKCHBIA XapakTep.
YTOYHAIONMMMHU TOKa3aTeIIMU MOTYT CIYKUTh TPYJO€MKOCTb W3TOTOBJICHUS
W3JIeNns, yIeIbHasl MaTepPHATOeMKOCTh, CTETICHb YHU(HKAIIMN KOHCTPYKIIUU U
pan apyrux. [Ipu oTpaboTKe KOHCTPYKIIUU MPOTOTUITHOTO M3/AEJHS HAa TEXHOJIO-
TUYHOCTh B IM03aKa3HOM IMPOMBINIJICHHOM TPOM3BOJICTBE, KOraa Kod(pQGUIIHMEHT
CEPUHHOCTH HOCHT BEPOSTHOCTHBIM XapaKTep, OCHOBHYIO POJib HUTrparoT (yHK-
IIMOHAIPHOE HAa3HAUYCHUE WU3JCHUs, CTEeNEHb €ro HOBU3HbBI, KOHCTPYKTHBHAs
CJI0’KHOCTb M YCJIOBUS U3TOTOBJICHUS.

TexXHOJOTMYHOCTh SBJSETCS HWHTETPUPOBAHHOM XapaKTEPUCTUKOW Me-
OeIbHOTO U3JIeNUsl, KOTOpas MPOsIBJISIETCS B 3aTparax TPyJa, CPeJACTB MPOU3BOI-
CTBa, UHCTPYMEHTA, MaTepPUAIOB U BpeMeHH. MIHbIMU clIOBaMM, OHA OMpeaesieT
00myro 3¢ (heKTUBHOCTh OpraHU3allUK IMpoliecca MPOU3BOACTBA MEOCIIH Ha BCEX
ero craamsax. I[loka3aTean TEXHOJIOTHMYHOCTH XapaKTEPU3YIOT 3()PEKTUBHOCTH
BBIOpAHHBIX KOHCTPYKTOPCKO-TEXHOJOTHUECKUX PEIICHUH C TOYKH 3PEHUS
obecrieueHus: MAaKCUMaJIbHOTO CHIM)KEHHS TPYJOEMKOCTH UM MaTEpPUaIOEMKOCTH
MIpY U3TOTOBJICHUU MEOETU MPOMBIIICHHBIMUA CITIOCOOAMM.

B coBpeMeHHOM aBTOMATU3UPOBAHHOM MPOU3BOJICTBE 3HAUCHHUE TEXHOJIO-
TUYHOCTH WCKITIOUHUTENIBHO BBICOKO. Kak (hakTop HEemocpeacTBEHHOTO IMOBBIIIIC-
HUS 3()PEKTUBHOCTH MPOU3BOJACTBA TEXHOJOTHYHOCTh HM3JCIUNA 00eCIeYnBacT
BO3MO’KHOCTh POCTa BBIMYyCKA MPOAYKIIMU U TMPOU3BOJUTEILHOCTH Tpyaa 0e3
JOTIOJTHUTEJIBHBIX 3aTpaT CPE/ICTB U BPEMEHH.

BrinmonHeHne paboT 1mo 00eCrneYeHn0 TEXHOJIOTUYHOCTU MEOEIbHBIX W3-
JEIUN OCYIIECTBIISITHCS B CIIEAYIOLIEH MOCeI0BaTEILHOCTH:

- omnpejeseHre MIaHUPYEMbIX 00bEMOB BBITTYCKa U31EIIHUS;

- aHaJIW3 MUCXOJHBIX JAHHBIX JUIA OLICHKU TEXHOJOTMYHOCTU H3ACIIUI H

MoKa3aTeNIed TeXHOJOTMYHOCTH U3JIeTU-aHAJIOTOB;



241

- ompeneNieHHe MoKa3aTeieil TEXHOJOTMYHOCTH COCTaBHBIX YacTel U W3-
JCJHSL B TIEJIOM;

- pa3paboTKa pPEKOMEHJAIWI MO TOBBIINICHUIO 3HAUYCHUN TMOKa3aTeleu
TEXHOJIOTHYHOCTH.

TexHonornyHOCTh MEOETBHBIX HM3JETUN 00eCIeYNBACTCS CIIEAYIOIUMU

dakTopamu:

- BBICOKOH CTEIMEHbI0 YHHU(UKAIINH Y3JIOB U JIeTajei;

- KOHCTPYKTHBHBIM TOJOOWEM KOHTYPOB MaHENEH CIOXKHBIX T€OMETPH-
4eckux (OpM, YTO TO3BOJSAET HCIOJIB30BATh THUIIOBBIE TEXHOJIOTHYE-
CKHE MPOIIECChI UX U3TOTOBIICHHUS,

- THIATENHHOU MPOPaOOTKONW KOHCTPYKTUBHBIX (HOpPM AeTale U UCIIOIb-
3yeMoil pypHUTYpHI i obecrieueHuss HEOOXOAMMOM TOYHOCTH, KECT-
KOCTH ¥ TIPOYHOCTH M3JIETHS B Mpoliecce COOPKHU U IKCILTyaTalluy,

- MUHHUMH3AIHMEH KOJTUYeCTBa ONeparfii 3a CUeT UCTOIb30BaHMS €INHBIX
TEXHOJIOTUYECKUX 0a3;

- KOHCTPYKTHMBHBIMH MMapaMeTpaMu AeTaned u GypHUTYpHI, KOTOPBIE TO-
3BOJISIIOT PEaTN30BaTh MPOIECC U3TOTOBICHHS C MCTOJIb30BaHUEM YHH-
(GUIIMPOBAHHOTO TEXHOJOTHYECKOTO OCHAIEHUs, TPAHCIOPTHBIX U
CKJIQZICKUX CPEACTB, 00€CTICUMBAIONIUX ONTHUMAaIbHBIM YpPOBEHb MeXa-
HU3AIMHA ¥ aBTOMAaTU3aIMH MPOU3BOICTBEHHBIX MTPOIIECCOB;

- CHIDKCHHEM MAaTEepUaJOEMKOCTH H3CNHs 3a CYET ONTHUMH3AIHNH pac-
KpOsl MAaTEPUAJIOB U PAIMOHATHHOW €r0 KOMIIOHOBKH.

OrneHka ypoBHS TEXHOJOTUYHOCTH KOHCTPYKIIUU U3JCTUS MOXKET BBIMO-
HATHCS TI0 KA4YeCTBEHHBIM M KOJMYECTBEHHBIM ToKaszaTensMm. KadecTBeHHas
OLIEHKa HOCUT 00O0OILEHHBIN, CyObEKTUBHBIN XapakTep U 0a3UpyeTCs Ha ONBITE
KOHCTpPYKTOpa Wiu TexHojora. OHa SBHO WJIM HESBHO BBITIONHSAETCS HAa BCEX
JTamax MPOEKTUPOBAaHMS B TOM Ciy4ae, KOTJa HEOOXOIMMO MPOU3BECTH BHIOOD
Jy4YIIeTo TpOeKTHOro pemieHUs. KauecTBeHHas CpaBHHUTENbHAs OIEHKa BO3-
MOKHBIX BapHAHTOB KOHCTPYKIMU WJIM TEXHOJIOTMH W3TOTOBJICHUS  SBISETCS
JOCTaTOYHOM, €CIIM Ha JaHHOM dTale He TpeOyeTcs OmpeaesieHUs CTETICHH pas-
JUYHS TEXHOJIOTMYHOCTH BapUaHTOB. B MPOTUBHOM cilydae KaueCTBEHHAS OICH-
Ka ABIIACTCS HEOOXOIMMOM M MPEAIIECTBYET KOJIMUYECTBEHHOW OIEHKE TEXHOJIO-
TUYHOCTH.

KonndectBeHHas oreHKa TEXHOJOTUMYHOCTH KOHCTPYKIIMH U3JCIHs TPe/I-
MoJiaraeT OMpejesieHHe YUCICHHBIX 3HAYCHUN MapaMeTpOB, XapaKTepU3yIOIIUX
CTENEeHb pean3allid COOTBETCTBYIONIUX TpeOoBaHuil. [1o cBoel mpupoje 3ana-
Ya KOJMYECTBEHHOUN OIEHKH TEXHOJOTUYHOCTH SBJISETCS ONTUMHU3AIMOHHON U B
o01eM BUae MOXKET OBITh C(pOpMyIMpOBaHa CASTYIOMUM 00pa3oM. HANTH mapy
Takyto (Kopt, topt), KOTOpas obecrieunBaeT
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W(m,j ,c,k

opt+ Lopt) ® MINW(mj ¢k ,t) (6.1)
Y YJIOBJIETBOPSAET CIEAYIOIIEH CUCTEME OTPAHUYCHUI

£ ()% K s (KD ET, s kel K, t, T Y, (DT P, (6.2)

rne W — mpuBeIcHHBIE 3aTPaThl HA H3TOTOBJICHHUE U3ICITHS,
M — BEKTOp MapaMeTPOB UCIOIb3YEMBIX MAaTEPHATIOB;
¢ — BEKTOP MapaMeTPOB UCIOJIb3yeMOH (ypHUTYPHI,
C — TEXHOJIOTHUECKHE KOHCTAHThI TPOU3BOICTBA;
K — BEeKTOp KOHCTPYKTUBHBIX IMapaMETPOB U3JICIIHS;
t — BEKTOp mapaMeTpOB TEXHOJOTHYCCKUX MPOLIECCOB U3TOTOBJICHHS,
K — MHOECTBO TOMYCTUMBIX BAPUAHTOB KOHCTPYKIIMH U3CIHS;
¥ — MHOXECTBO JOITYCTUMBIX BapuaHTOB TII;
P — MHOXeCTBO MapaMeTpoB, OMpPEACIAIONIEe BO3MOXKHOCTH MPOU3BOJICT-
BEHHOW CHCTEMBI MPEIPUSTHUSA;
f(K) — yHKIIMSA, Onpenenstolas moka3aTeld KaueCTBa 3/CIIHS;
fo(kt) — dyHKIMA, ompeaensomas JTUTSILHOCTh MPOU3BOJICTBEHHOTO
IIUKJIa U3TOTOBJICHUS U3ICITHS,;
Kimin — 32IaHHBII TIOKa3aTellb YPOBHS KaueCTBa,
T.m — MTY4HOE BpeMs (Bpems, 3aTpauMBacMOe HAa M3TOTOBJIICHHUE CIMHMIIBI
NPOAYKIMH (U31IemHsl)).
Takum 00pa3oM, KOHCTPYKIUS MEOCITBLHOTO HM3ICIUS SBISCTCS TEXHOJIO-
T'UYHOH B TOM CIydae, Koraa BeKTop Ko ynoBieTBopsiet yciaosusum (6.1) u (6.2).
JI1sl OLIEHKH TEXHOJIOTHYHOCTH MEOCIIBHOTO M3/CIUs HEOOXOIUM Tpe/IBa-
PUTEIBHBIN ATall OLEHKH TEXHOJOTUYHOCTH U3TOTOBJICHHS OTICIIBHBIX MaHesCH
u aetaneit. [lon neransmu OyJaeM NMOHUMATH JIOKAJIbHBIE COOPOUYHBIC CIMHUIIBI,
W3rOoTaBIIMBaeMbIe Ha MPEaNpUsITHH (SIIMKH, Pa3ABUXKHBIC JBEPU C «PACCTCK-
JOBKOW» U T.1.). COOTBETCTBYIOIIME KPUTCPUU BHOCIT HEOJAMHAKOBBIN KOJIHUE-
CTBCHHBIN BKJIAJ] B OOIIYIO OLICHKY TEXHOJOTUYHOCTH. [0 3TO# mpuymHe ompe-
JEISeTCss HEKOTOPBI HAOOp KPUTEPUEB TEXHOJOTUYHOCTH TIAHEIeH U AeTajei (B
JabHEHIIeM OyZeM TOBOPHUTD O JCTASAX, IOHUMAS O] 3THM M ITAHEIN) U BECo-
BBIX KO3((PHUIIUEHTOB, TOCPEACTBOM KOTOPBIX YUUTHIBACTCS YICIbHBIN BEC KaXkK-
JI0TO KPUTEPHS U PEaTU3yeTCs CBSI3b C MHTCTPAIBHBIM KPUTEPUEM TEXHOJIOTHY-
HOCTU. BecoBbie KO3(DPUIMEHTHI HOCIT BEPOATHOCTHBIN XapaKTep W ONpeaes-
IOTCSl HA OCHOBAaHMHM MaTEMAaTUYCCKOW 00paOOTKH Pe3yJIbTATOB CTATUCTUYCCKUX
UCCIeIOBaHMM paboTaronx MeOeIbHbIX TPOU3BOJICTB.
B kadecTBe KpUTEPHEB TEXHOJIOTMYHOCTH JACTAJICH MOXKHO HCIOJb30BaTh
CIIEAYIONIHE MOKA3aTelH:
- K03 (GUIMEHT cCepuiHOCTH BhITTycKa u3naenuii (Ke);
- ko3¢ punment yauduxarmu (K,);
- ko3¢ dunueHT ucroab3oBanus Matepuana (Kim);

min ! opt
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- K03 (UIUEHT, XapaKTEPU3YIOIINA YPOBEHb T€OMETPUICCKON M TEXHO-
JIOTUYECKOH CIOKHOCTH u3rotoBienus aeraneit (Kg).

[TpuBeneHHbIC 3aTpaThl Ha U3rotoBiacHUe u3aeaus W GyHKInoHaAIBHO 3a-
BHCAT OT ykazaHHbIX kputepuen. W=F(K;,Ky,Kim,Kg). 711 OlleHKH TeXHOIOTHYHO-
CTH JIeTaJel B MO3aKa3HOM IPOMBIIIJICHHOM IMPOW3BOJICTBE MOXET HCIIOIb30-
BAThCs CIENyIOUIas MOCIEN0BATENbHOCTh NeCTBUM. [lepBOHAYaNbHO BBIMOIHSA-
eTCsI pa3/ielicHUue BCEX BO3MOXKHBIX BAPHAHTOB JICTAJICH HA TPYIIIBI B COOTBETCT-
BUU ¢ 0OIIHOCTHIO TII M3roTOBIICHHUS, HCIONIB3YEMOT0 00OpPYIOBaHUs, rabapu-
TOB U TCOMETPHYECKHX XapPaKTEPUCTUK, UCTIOIB3YEMBIX MaTEPHAIIOB, CEPUIHO-
CTH W3rOTOBJICHUS. [IpuMepamMu TakuX TPYII MOTYT CIYXHTh (PUTypHBIE CTO-
JICIIHUIIBI, TPOoGUIbHBIE (acaasl SUMKOB, CTCKISHHBIC pPa3JIBHIKHBIC ABEPU C
MIECKOCTPYHHBIM PUCYHKOM U T.1. )i BEIOpAaHHOW JCTaTU-TIPEICTABUTEIIS KaK-
JOW TPYMIBI HEOOXOAUMO ONPEACTUTh KOAPOUIIMEHT CEPUMHOCTH 1O (hopmyrie
(6.2):

F,>60°a
G, X,
rne Fq — neiicTBuTenbHBIN (GOHIT BpEMEHH ¢ YYETOM CMEHHOCTH PabOTHI MPOM3-

BOJICTBEHHOTO MOApa3eieHH s, Jac,

0. — TIOTNPaBOYHBINA K03 duruent, a=0,8+0,9;

Gy —nporpamMMa BhITTyCKa JieTajci 3a BRIOpaHHBINH UHTEPBAJI BPEMCHH;
ts— cpeaHee MTYy4YHOE BpeMsI U3TOTOBJIEHUS AeTanu no JaHHbIM T1I.

Koappunuent yHudukanmum OeTaniu-mpeCcTaBUTEIS  XapaKTEpHU3yeT
yACTbHBIA BEC OPUTHHAIBHBIX KOMIIOHEHTOB JCTAIU-TIPEACTABUTEINS (CIIOKHBIC
(burypHbie BbIpe3bl B IAHENIN, HETPAAUIIMOHHBIA PUCYHOK BUTpaXa M T.JI.):

ko =No
u K '
t
rae ko — KOJIMYCCTBO OPUTIMHAJIbHBIX KOMIIOHCHTOB Y I[eTaJII/I-HpeI[CTaBI/ITeJIH;
kt — KOJIMYECTBO THIIOBBIX KOMIIOHCHTOB Y ACTAIN-IIPCACTABUTCIIA.
KOC‘)CI)CI)HHHCHT HCIIOJB30BaHUA MaTCpualia paCCUHUTBIBACTCA KaK OTHOIIC-
HME CyMMBI TUIOIIAJICH ITOJYYEHHBIX AeTaleH-IPEACTABUTENEH K CyMME IIOIa-
et HoHO(OPMATHBIX JTUCTOB!

kP =

J
asm
p — i=1
kP = L 1 (6.3)
[¢]
a Sj xm,
j=1
rac S— I1oImaaAb IMaHeJIn UJIn HOJ'IHOCI)OpMaTHOFO JIUCTA,
ni — KOJIMYECCTBO I[eTaJIeﬁ, HOJ'IyLIaeMBIX HpPI BBIITIOJITHCHUU eI[HHH‘{Hoﬁ OoI1c-
panuu packpost MaTEpHUaJIOB,
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M, — KOJIMYECTBO NOITHOPOPMATHBIX JIUCTOB, PACKPAaUBAEMBIX 33 OJHY OIle-
panuro.

Koaddumment, xapakrepusyomuii ypoBeHb TEOMETPHUIECKON W TEXHOJIO-
TUYECKOMN CIIOKHOCTH M3TOTOBIIEHUS JE€TANU-TIPENCTABUTENS, ONPEAEISIETCS OT-
HOIIICHUEM KOJMYECTBA oneparuid, TpeOyommnx 0co00il TOYHOCTH BBIOJHEHUS
Y KBTI (PUKALIUH CTICIIHATHMCTOB, K 00IIEMY KOJIMYECTBY OTIEPAIIHi:

kP = %
g O '

OreHKa TEXHOJOTMYHOCTH JIF00OH AeTanu, BXOIAIIEH B OOHY M3 BEIE-

JICHHBIX I'PYIIII, IPOU3BOJHUTCA OTHOCUTCIBbHO YK€ UMCIOINXC KOSCI)CI)HHHCHTOB

JUISL IETANIEU-TIPEICTABUTENIEH 10 CIIEAYIOIIEHN cbopMyJIe'

IOo adxpo adxpo 2P O

B Bos B s

rie ki — ko3 pUIMeHT TEXHOJIOTUYHOCTH ST B JAHHOU TPYIIIE;
kP, x={c, u,im g} — oauH U3 MepeyrCICHHBIX BbIIIe KO3 PHUINCHTOB, pac-

CUMTAHHBIN JUISl J€TaTU-TIPEICTABUTENS,

ke, X={C, u, im, g} — oMH U3 MEPEUYHNCIICHHBIX BBIIIC KOIPPUIUCHTOB, pac-
CUMTAHHBIN JUISI OLICHUBAEMOM AETalIH,

a, B, y, 0 — SMIOUPHUYECKHUE TTOKA3aTEIU CTEIICHEH PU COOTBETCTBYIOIIUX OT-
HOUIICHUSIX.

NuTterpupoBaHHas OlleHKa TEXHOJOTMYHOCTH M3JIENUS MOXKET OBbITh pac-
CYMTAaHA HA OCHOBAHWU HMEIOIIMXCS YACTHBIX MOKA3aTENEH TEXHOJIOTHUYHOCTH
BXOJSIIIMX B HETO JeTaleu:

3

_a ki,

Ky == ,
aa;
i=1
rie ki — 3HaueHune ko3 (pPuIeHTa TEXHOJIOTUIHOCTH |-0H JeTaly,
— YICIBHBIN BeC KO3 PUITUECHTA TEXHOIOTUIHOCTH |-0H JeTalIH;
N — KOJIMYECTBO JE€TAJEH B U3JEITUU.

JIJ1s1 TOBBINIEHUSI TEXHOJOTUYHOCTU M3JCIHUI pean3yloTCsl TEXHUYECKUE
U OPraHu3allMOHHBIE MEpPONPHUATHUS, OCHOBHBIMH M3 KOTOPBIX SBISIIOTCS Clie-
h13% {01105 (K

- TMPUMEHEHHE MPOTPECCUBHBIX MATEPHAIOB, PYPHUTYPHI U TEXHOJOTHUH;

- aBTOMaTwu3alus npoueccos npoexkruposanus u TIIII;

- OrpaHUYEeHUs KOJMYECTBA KOHCTPYKTOPCKHUX M TEXHOJOTMYECKUX  pe-

IICHUMH,
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- TPUMEHEHHE TUIOBBIX U rpynnoBbix TII.

YPpOBEHb TEXHOJIOTUYHOCTH MPOAYKLUHH HEMOCPEACTBEHHO CBSA3aH C €€
Ka4eCTBOM, MO3TOMY OH B KOHIIEHTPUPOBAHHOM BHUJIE BBIPAXKAET BO3MOKHOCTH
NpEeANpUsATUS 1O pa3pabOTKe U BBIMYCKY Kauye€CTBEHHOMW M KOHKYPEHTOCIOCOO0-
HOW MPOAYKIUH.

6.4. 3agauya packposi MAaTepHaJIOB

3amada packposi JIUCTOBBIX M MOTOHHBIX MAaTepUaIOB Ha MCXOJHBIE 3aro-
TOBKH siBigeTca BakHeinied yacteio TIIIT MeOenpHbIX U3eIU U UMEET OO0JIb-
oe MmpakTudeckoe 3HaueHue. OHa 3aKITI0YacTCs B Pa3MEIEHUU IUIOCKUX (JTU-
HEHHBIX) TEOMETPUYCCKHUX OOBEKTOB, COOTBETCTBYIOIIMX HCXOJHBIM 3aroToB-
KaM, Ha JucTax (mosiocax) Matepuaia. [IoCKOJIbKY JTUHEHHBIN PACKPOH SBISICTCS
YaCTHBIM CJIy4aeM IUIOIIAHOTO PAacKposi, B JaJibHEHIIIEM Oy1eM FOBOPUTH TOJIb-
KO O MMOCJIEAHEM.

Kaptsl packposs marepuanoB (rpaduueckoe MpeICTaBICHUE PACIIOIONKE-
HUS 3aTOTOBOK Ha PACKPaMBACMOM JIUCTE) C OAHOW CTOPOHBI MPEICTABJISIOT CO-
00l TEXHOJOTHMYECKHUE WHCTPYKIMHU JUIsl OTEPaTOPOB, BBHIMOMHSIIOMUX (U3nde-
CKYIO OIEpAaIMI0 PacKpOosl HA MUMEIOLIEMCST 000PYAOBAaHUM, & C APYTOM CTOPOHBI
SBIIAIOTCSL OCHOBOM pacueTa psaa TEXHUKO-DKOHOMHUYECKHX IoKa3aTeiel 3¢-
(heKTUBHOCTH TIPOM3BOJICTBA, TAKUX KaK:

- MarepuanoeMkocte KMUA;

- TIOJIE3HBIM BBIXOJ MaTrepuaia Ipu packpoe;

- noTpeOHOe KOJUYECTBO MaTepuala Jyisi o0ecreyeHus mMpou3BOJICTBRA,;

- TpyZO3aTpaThl Ha BHINIOJHEHUE ONEPALA IO PACKPO MaTeprala;

- HOPMHUPOBAaHUE OINEPALHN.

CrpykTypa 3amaum packposi matepuaioB u ee mecto B TIIIT meGenbHBIX
W3JIeTNi TToKa3aHa Ha puc. 6.6.

JluctoBble MaTepualnbl B MEOECIHBHOM MPOU3BOJCTBE PACKPAMBAIOTCS KPYT-
JIBIMM MWJIAMHU Ha OJHOTIWJIbHBIX WM MHOTONMUJIBHBIX CTAHKaxX C MWJIAMH IMOTe-
PEYHOTO M MPOAO0JIBHOTO pe3anust. OHU pa3IuyaroTcs MEXAy cOO0U CIeayIOu-
MU TE€XHOJOTMUYECKHUMH MapamMeTpaMu, CyIIECTBEHHO BIMSIONIMMU Ha pa3padoT-
Ky KapT pacKpos:

- KOJWYECTBOM MHUJBHBIX arperaroB MPOJOJIbHOTO M MONEPEYHOrO Ha-

MPABICHUN NTUJICHUS,

- OTpPaHUYEHHUSIMHU B CXE€MaX PACKPOs: pazMepaMH MaKCUMaJIbHOW U MU-
HUMAJIbHOW IHUPUHBI OTPE3a€MOU MOJOChl, MUHUMAJIBHBIM PACCTOSTHU-
€M MEXIy MOIMEPEYHBIMU M MEXKAY MPOAOJbHBIMU MUWJIAMH, HATUUYUEM
00513aTEIbHBIX CKBO3HBIX MPOJI0IBHBIX WM MONEPEUYHBIX MPOITUIOB;
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- MaKCHUMaJbHBIMHU pa3zMepaMu o0pabaTbiBaeMOro MaTepuana;

- TOYHOCTBIO PACKPOS;

- YUCTOTOM KPOMKH, OJTy4aeMOW NIpU MUJICHUH;

- MAaKCUMAaJbHOM BBICOTOM MPONUIA, a, CICA0BATEIbHO, U YUCIOM on-
HOBPEMEHHO PAaCKpPanBAEMBbIX IUIUT;

- TOJIIUHOM UCIIOJIb3YEMBIX IMHUI.

CKIaJ MaTepHAIoR Crnaj geraned H HHCTPYMeHTa
JIMCTORLIE H
> a4
OBpesKH MIOTOHHbIE MATEPHAEI HHCTpyMeHT Het

KpHTepHH ONTHMH3AIHH
KapT pacKpos

.

Hcxoaunle JaHHLIE A1 PacEpoOA

ABTOMaTH3HpPOBAHHBIH pacKpoH

-
KapTth1 packpos

CDpTHpDBKEl BBIX | OJHBIX AJICMCHTOR

: ’ L L

— O0pe3kH OTX0JbI 3aroToBKH HeramH [—

Puc. 6.6. Cmpykmypa 3a0auu packpos mamepuanos

JIisi HaXOXJIeHUs] ONTUMAJIBHOTO PEIIeHUs 3aJadd pacKposi MaTepHalioB
HE0OX0AMMO HaJIMYHUe CJIEAYIoNe HHPOPMaLIUHN
- TEOMETPHUUYECKHE pa3Mephl, TEKYIIEe COCTOSHUE U (U3NIECKHUE CBOUCT-
Ba pacKpanBaeMbIX MOJHO(OPMATHBIX JTUCTOB U 0OPE3KOB, OCTABIIUXCS
OT MPEAbIAYIIMX ONepaluil pacKposi aHAJIOTUYHOTO MaTepuaia,
- KpPUTEPUU ONTUMU3ALMHU KAPT PACKPOSI U MPUOPUTETHI UX JEUCTBUSA;
- TEXHMYECKHUE XapaKTePUCTHUKH HCIOJIb3yEeMOTO0 MHCTPYMEHTA U HaH-
Yhe TOTOBBIX KOMIUIEKTOB J€Tajieil, MOJyYEHHBIX paHee B Ipoliecce
packpos Toro xe marepuana s npyrux KMHUA.
[To cBOEMy XapakTepy 3azada pacKpos sIBISETCS ONTUMHU3AIMOHHOM, UMe-
€T JUCKPETHO-HENPEPHIBHYIO CTPYKTYPY M MOXET OBbITh OINpeNeNieHa Cleaylo-
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1M o6pa30M — BBIIIOJIHUTDH pa36I/IeHI/IC MHOXECTBA 3aroToOBOK Ha IIOAMHOXKECT-
Ba TaKUM O6p330M, YTOOBI BBITIOJIHAIACh CUCTEMA OFpaHquHHﬁ:

UM,-US"® min,
j=1 i=1

s=US," 11 kP §CS =0lk=1.,n, §1 Mii=L.,nj=1.,m,

rie S —MCXOIHOE MHOKECTBO 3arOTOBOK;
M; — ucxoxHble TUCTHI MaTepuana (obnactu pasmenienus), j=1,...,m;

SP— p-blif BapuaHT pa3OHUEHUsT MHOKECTBA F€OMETPUUECKMX MOJENEN 3aro-

TOBOK.

MHOK€eCTBO 3aroToBOK, IIOAJICKAIIUX PasMECIICHUTIO, IIPEACTABIIACT coOoi
KJ1aCcC 3aMKHYTBIX MHOXXCCTB Ha IINIOCKOCTH (MHO)KGCTB, CoACpKAIUX BCE CBOU
TOYKH HpHKOCHOBCHHH), HO3TOMY IJIA UX OIIMCAHUS MOXKXHO HCIIOJb30BATh Ka-
HOHHUYECCKHEC YpPaBHCHUA CICAYIONICTO BUAA.

F(Z) :kL_Jle(Xi’yi ’j i) :07

TIIe X;,Yi — MapaMeTphbl IMHSHHOTO pa3MEIICHHS;
fi; — yrmoBsle mapamMeTpsl pa3MenIeHUS.

MHOKECTBO OTpaHWUYCHUIN paccMaTpPUBAECMOW 3aJadyd COCTOUT M3 JBYX
MOJIMHOKECTB, OTPAKAIOIINX TC€OMETPHUYSCKHE M TEXHOJIOTMUECKHE OrpaHHuYe-
Husl. [ToAMHOXECTBO T€OMETPUYECCKUX OTPAaHUYCHUN BKIIOYAET B ce0s CIICIYIO-
e GaKkTophI:

- TPUHAIC)KHOCTh 3arOTOBOK OOJIACTH pa3MEUICHUS C yYETOM Mpeeib-

HOT'0 pa3Mepa 00JIACTH TOPLIEBAHMUS,

- OTCYTCTBHE B3aMMHOTO TIEpECeUeHUs 3arOTOBOK;

- M30TPOITHOCThH WJIM aHU30TPOITHOCTH 00JIACTH pa3MEIICHHS.

[ToIMHOKECTBO TEXHOJOTHYECKUX OTPAHUYCHHN OINPEJCNIeTCS OCOOCH-
HOCTSIMH HCIIOJIb3YeMOTO O0OpYIOBaHUS W WHCTPYMEHTA, a TaKKE TEXHUKO-
HYKOHOMHUYECKUMH TIapaMeTpaMH KOHKPETHOTO MPOU3BOJCTBA, U BKJIIOYACT B Ce-
0s1 cnenyronue (HhakTOpHI:

- BO3MOXXHOCTH HCIOJIB3YEMOT0 000pyIOBaHHS;

- TCOMETPHYECKUE U PECYPCHBIC XapaKTEPUCTUKH PEKYIIEr0 HHCTPYMEH-

Ta;

- XapakTep pacKposi: YHCTOBOH, KOTJAa TOCJE PACKpPOsS pa3Mephl ACTajH
He OyJyT MEHATHCS, WJIM YEPHOBOM, €CITU MOCIICIYIONIHE TEXHOJIOTHYe-
CKHE OTepaliui U3MEHSIOT pa3Mepsl Wik Gopmy JeTaiu;

- CXeMa pacKposi: MPOJOJbHBIN, TONMEPSUYHBIA M CMEIIAHHBIA THIT pac-
Kpos,
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- IIPHOPUTET I[GﬁCTBI’IH KPHUTCPHUEB ONITUMHU3AIIUU KapT pacKposI,
- KOMIIZICKTHOCTB paCKpanBACMBIX JIMCTOB U MOJY4YaC€MBIX 3arOTOBOK,

- Kputepuil pumbTpanuu AeI0BBIX 00PE3KOB.

B o61iem Buae 3aaya MHOTOKPUTEPHATBHON ONTHMM3AIUN Pa3MEICHHS
3arOTOBOK MOJXKET OBITh CPOPMYIHpPOBAaHA CICAYIOIIUM 00pa3oM. Ha 00JacTH
nonyctuMbix 3Hadennd GUT waiitu takue 3Hauenus Z=({Xy;fii}), 4roOsI

dbyukionan F(Z) nocturan cBoero SKCTpeMaabHOTO 3HAUCHUS:

Fis@)+ase) o 0 2
F(Z) = maX e, 6 P *s »a S(g7)", (6.4)

gasbl)+asbl) 2
i=1 i=1 %]

rae G — MoaMHOXKECTBO T€OMETPUICCKUX OTPaHUICHUM,

T — MOIMHOKECTBO TEXHOJIOTUYECKUX OrpaHUYCHHUI;
R=(Ry, ..., Ry) — MHOXecTBO MomHOCTH N JOMYyCTHMBIX BapHAHTOB KapT
packpos Ha obmactu GUT ;

S — momaas eIMHUIHOTO AIEMEHTA: MOJTHO()OPMATHOTO JIUCTA, 3arOTOBKH,
JIEJIOBOTO 00pE3Ka,;
ai, f ik,y X — KOIMUeCTBO HIEeMEHTOB (momHO(DOPMATHBIX JTUCTOB, 3aTOTOBOK
WIH JICJIOBBIX OOPE3KOB COOTBETCTBEHHO) I-r0 BUJA B K-OM BapwaHTe KapT
packpos;
K — uHIeKC, HASHTUUIUPYIOMUN TEKYIINA aHATU3UPYEMbIi BapUaHT KapT
packpos;
Dy — KOTM4eCcTBO MCTIOIB3YEMbIX MOJHO(OPMATHBIX JTUCTOB,;
My — KOJIMUECTBO HMCIOJIb3YEMBIX JEIOBBIX OOpPE3KOB OT paHEE BBHIMOJHEH-
HBIX OIlEpaLUK;
Lk — KOJIM4EeCTBO MOTYYUBIINXCS 3aTOTOBOK;
Px — nemoBoit 3amen Oyaynmwx mepuoaoB (KOJTUYECTBO 3arOTOBOK, KOTOPHIC
MOTYT OBITh UCITOJIb30BaHbI MIPH MPOU3BOACTBE Ipyrux KMUA);
Qk — KOJTUYIECTBO JCTOBBIX OOPE3KOB;
0 — KO3 (pPUIMEHT, yUUTHIBAIOIINX HAKIJIAIHBIE PACXObl, CBI3aHHBIE C TPAHC-
MOPTUPOBKOM U XPAHEHUEM JIEJTOBBIX OOPE3KOB.

ANTOPUTM pEelIeHUs] pacCMaTpPUBAEMOM 3aJauM SBJISETCS UTEPALIMOHHBIM

1 BKJIIOYACT B ceOs CJICAYIOIINE 3TAIbI.

- pa3z0ueHue TEKYIIEro MHOXKECTBA 3ar0TOBOK Ha MOJAMHOKECTBA C yue-
TOM XapakTepa HX pa3MeIleHHs Ha 00bekTaX (MOIHO(pOPMATHBIX JIHUC-
Tax, 00pe3Kax WM He3alOJHEHHBIX CBOOOIHBIX YACTAX) U JTOCTUTHYTO-
IO COCTOSIHHUS CTEIICHU UX 3aIl0JHEHHUS,
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- pelieHHe 3aJayd JOKaJIbHOW ONTHUMHU3AIMH Pa3MEIICHUs 3aTrOTOBOK C
Y4E€TOM pe3yJbTaTOB TPYMIIMPOBAHKUSI B COOTBETCTBUU ¢ AU PepeHIu-
POBaHHBIMH KPUTEPUAMH U (OPMUPOBAHUE TPOCTPAHCTBA AIBTCPHATHB
Ha OCHOBE KOMOMHATOPHOM TeHEpallUK BapHaHTOB,

- OIleHKa W (UIBTpAIUsi BApUAHTOB HA OCHOBE TJI00ATBHOTO KPUTEPHSI
ONTUMHU3ALUH, TTPEJACTABIISIONIET0 COO0N JIMHEHHYI0 KOMOMHAIUIO JIO-
KaJIbHBIX KPUTEPUEB C YUETOM MPUOPUTETOB UX EUCTBHS, 3aaBAEMbIX
KO3 pUnreHTaMH yIeTbHBIX BECOB.

Ha nHavanbHOM 3Tame pernieHus 3aJadu TeKYIIee MHOXKECTBO 3aTOTOBOK ¥
COBMAJAaeT C UCXOAHBIM MHOXXECTBOM. B nampHeilniem u3 ero 3jieMeHToB (op-
MUPYIOTCSI TIO IPUHIUITY KOHCTPYKTUBHO-TEXHOJIOTUYECKOTO MO00US MOIMHO-
KECTBA, KOTOPBIC 3aMEMIAI0T UCXOHBIC MIEMEHTHI BO MHOKecTBe V. Jlns momy-
YEeHHOTO MHOKECTBA pellaeTcs 3a7ada ONTUMAaIbHOTO pa3MeIIeHHsI TI0 Hanbosee
MPUOPUTETHOMY KPUTEPHIO, PE3YIHTAThl KOTOPOU JOOABISIOTCS B MPOCTPAHCTBO
aNTbTEPHATHUB.

Takum oOGpazoM, mporecc GopMUPOBAHUS MTPOCTPAHCTBA AITBTEPHATUB SIB-
JS€TCS MHOTOCTYNEHYAThIM, KaXKJass CTYMEeHb KOTOPOTO MPEACTaBISIET COOOi
MOCTPOCHUE YaCTHOTO pelieHus 3anauu (6.4) B OTHOKPUTEpUATHLHOM BapUaHTE.
Ot10 TpedyeTr peanuzanuu HabOpa MpaBUIl KOHCTPYUPOBAHUS TEKYyIIUX pa3Oue-
HUW W TIpaBWI OIEHKH TOJIYYCHHBIX PEIICHUN Ha COOTBETCTBHUE BBIOpAHHOMY
KPUTEPHIO C IETBI0 OTCEUEHHUS 3aBEJOMO HEONTUMAJIbHBIX BapUAHTOB. Y Ka3aH-
Has 3a/1adya MOKET ObITh TOCTAaBJICHA CJICIYIONIUM 00pa3oM:

v =UZR0Q.(Y,,1AMmh)2
k @ a2 (4]

rae V —uckoMoe IpoCTPaHCTBO ajJbTEPHATHB,;
K —rnybuna dopmupoBaHus, onpeaensieMas SBpUCTUUECKUM TyTeM;
R — oneparop onTUMaNIbHOTO pPa3MEIICHUS 3JIEMEHTOB TEKYIIETO MHOKECTBA
3arOTOBOK MJIM UX KOHCTPYKTHUBHO-TEXHOJIOTUYECKUX KOMOUHAIU ¥
N — KoJTMYecTBO BapuaHTOB pa3OMeHusi MHOXeCTBa ¥, onmpenensieMoe IeicT-
BYIOIIMMH MTPaBUIIAMU;
Qi(¥, p) — onepaTop pa30OMEHUS I-MHOMXKECTBA 3arOTOBOK B COOTBETCTBHUH C
HabopoM npaBui p={py} ;
M — onepaTop TECTUpPOBAHUS MOJYUYEHHOTO BapUaHTa pa3MELIECHUs] Ha COOT-
BETCTBUE TPABWIAM JOTMYCTUMOCTH u={/} W ONTUMAIBHOCTH B CMBICIIC JIO-
KaJIbHOTO KPUTEPHS ONTUMHU3AINH 7= {7}

Pemiennie rno0anbHON 3a7a4M MOJYYEHHUS ONTUMAIbHBIX KapT PacKpos
peanu3yeTcsl MOCPECTBOM TOCIIEeIOBATEILHOTO aHaIN3a IEMEHTOB CHOPMHUPO-
BAHHOTO MPOCTPAHCTBA AJIbTEPHATUB V Ha COOTBETCTBUE TJI0OAIBHOMY KpHUTE-
PHUIO ONITUMU3AIUU
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K =

opt

| X!

opt ?

Qo

1
N

rae N —komm4ecTBo NEHCTBYIOIUX JIOKAAbHBIX KDUTEPUEB ONTUMH3ALINN;
i — yIebHBI BeC i-ro KpuTepust ontuMu3anni Kopy .

B kayecTBe JIOKaJIbHBIX KPUTEPUEB ONTUMH3ALMU BBIOUPAIOTCS CIEAYIO-
Me KpUTepuH, omnpenensatonme marepuanoeMkocte KMHUA u TpyaoeMKoCTh
€ro U3rOTOBJICHHUS:

- MakcuMu3amus KodhuimenTa uCIoIb30BaHUs MaTepuara,

- MHMHUMM3ALMS 00IIEeT0 KOJINYECTBa PE30B;

- MUHHMMM3AIMSA O0IIeH AJIMHA PE30B;

- ONTHMH3AIMS Pa3MEPOB JICTOBBIX 00pe3KOB (MaKCUMHU3ALHUS UX pa3Me-

POB ¥ MUHUMHU3AIHS OOIIET0 KOJIMYECTBA);

- MHUHUMM3ALMS epeda3zupoBaHuil 000PyI0BAHUS.

KoaddumuenT ucnonb3oBanus Matepuaia OmpeaessieTcs B COOTBETCTBUU
¢ (6.3). OH MOXKET pacCUMTHIBATHCS JABYMS CIIOCOOAMH: C yUETOM IMOCIICAYFOIIIe-
ro HUCMOJb30BaHMS JEJIOBBIX OOpEe3KOB M 0e3 yuera; Mpu 3TOM 3aroToBKH, CO-
CTaBJIIONIME 3a1en OyAyluX MepuoioB, YUUTHIBaIOTCA Beerna. KosdduimeHnt
MCIIOJB30BaHUs MaTepuajga BO MHOTOM 3aBUCUT OT HaOOpa TUIIOpPa3MEpPOB 3aro-
TOBOK. B cooTBetrcTBUU ¢ pa3paboraHHbiMU B cBoe Bpems BIIKTHUM pekomen-
JalUsMU TIpU pa3pabOTKe KapT pacKposi MOJIE3HbIN BBIXO JOJXKEH ObITh:

- He meHee 92 % mpu packpoe JCTII;

- 88...90 % mpwu packpoe TBepabiX /[BII ¢ makoKpacOYHBIM MOKPBITHEM;

- 85 % npu packpoe daHepsl.

B coBpeMeHHBIX yCIOBHUSX M0O3aKa3HOT'O MPOMBIILIEHHOTO MPOU3BOJCTBA
Ha0Op UCIOIb3yEMBbIX TUIIOPA3MEPOB 3arOTOBOK JOCTATOYHO MHMPOK. K TomMy ke
pa3Mepsl MOJHO(DOPMATHBIX TIUT MOTYT BapbHPOBATHCS B 3aBUCHMOCTH OT Ma-
Tepuajga M UCIOJb3yeMOH MapTUU. OTH (PaKTOPBI BEAYT K YMEHBIICHUIO TTOTEH-
nHaabHO NOCTHXKUMBIX 3HaueHni KM, onHako, B kauecTBE penepHBIX MOKa3a-
TeNel yKa3aHHbIE PEKOMEH/IAIINU BIIOJHE aKTyallbHBI.

Kpurtepuit MuHMMHU3auy 00IIEro KOJIMYECTBA PE30B COBMECTHO C KpHUTE-
pUeM MUHUMH3AIMU TepeOa3upoBaHU OMPEAENSIOT TEXHOJOTMYHOCTh KapT
packpos U UMEIOT 0COOYI0 aKTyallbHOCTh MPHU PacKpoe OOJBLIOTO KOJWYECTBA
nosHopopmaTHBIX TUCTOB. COo3/IaHMe KapT pacKposi, peanu3alus KOTOPBIX Tpe-
OyeT MUHUMAJIbHBIX TPYyJ03aTpaT, sBIsIeTCS o0s3arenbHbIM yciaoBuem TTIII.
Oco0eHHO BaXKHO 3TO IPHU PaCKpoe Ha OAHOMMIBHOM CTaHKE C PYYHOU MoAayei,
/i€ BCE MepeMEeNIeHUs IIUThl MaTepralia OCYLIECTBIISIIOTCS BPYUHYIO.

Ha tpynoeMKocTh packpos U MOCJIEIYIONIETo MpoIecca OpraHu3aluu TexX-
HOJIOTMYECKOT O MOTOKA BIMSIET COCTaB JeTalied B kapTe packpos. [Ipu cocras-
JIGHUM KapT ClieyeT CTPEMHUTHCS K TOMY, UTOOBI MPHU PaCKpOe OJHOM TUIMTHI WIIN
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JUMCTa BBIXOJWJIO MUHUMAJIbHOE KOJIMYECTBO TUIIOPA3MEPOB JAeTaieil, a MOBTO-
peHHEe OHUX TeX € JAETalell B pa3HbIX KapTax packposi ObUI0O MUHUMAaJIbHBIM
WJIM UCKIIOYAJIOCh. DTH KPUTEPUU ONTUMHU3ALMKU KApPT PAcKposl SIBISIOTCA HEOO-
XOJUMBIMHU U TI0 3TOW MPHUYMHE BKIOYAIOTCA B chepy ACHCTBUA TEXHOJIOTHUYE-
CKUX OTpaHUYCHHH, HE TOCTYMHBIX IS MOIU(DUKAIIUN TEXHOIOTOM.

Kpurtepuit MunnMu3amu oouiei JUIMHbBI pe30B MpeBaATUPYET NpH padoTe C
0c000 TBEPABIMU WM XPYNKHUMHU MaTepuajaMu, TPeOYIOIMMHU AOPOTOro MHCT-
pyMEHTA.

COBOKYIHOCTh YKa3aHHBIX KPHUTEPHUEB MPEICTABISIET COOOM ampHOpPHO
MIPOTUBOPEYMBOE MHOKECTBO TPEOOBAHMI, TO3TOMY B 3aBUCUMOCTH OT MOCTaB-
JIEHHOM 3a/1a4¥l TEXHOJIOT OMNpeJesieT MPUOPUTET UX AercTBUs. st 3TOr0 oOI-
penenseTcss MHOKECTBO Kod3(uiimeHToB AA={A}, mpencrapisronmx codoi 3Ha-
YeHUE YACIBHOTO BECa KaXKJOT0 KpUTEPHs B II100aTbHOM KPUTEPHUHM ONTHMHU3A-
uuu. s mo3aka3Horo npoMbIIUIEHHOT'O MPOU3BOJICTBA B OOJIBIIMHCTBE CIy4aeB
kputepuid Makcumuszanuu KM sBisieTcs onpenenstommuM, U ero yIeJIbHbIN BEC
npu packpoe 3arotoBok u3 JCtIl Haxomutcsa B mpeaenax 0,6< 1 < 0,9. 3aBucu-
MocTh 3HaueHuss KM ot ynenpHOTO Beca kpurepus Makcumusauu KM Agy
npu (UKCUPOBAHHBIX 3HAYCHUSIX YAEITBHOTO BECa KPUTEpUs MUHUMHU3AIUU 00-
IIEro KOJUYECTBA PE30B A, M HYJIEBBIX 3HAUEHUSX YJEJIBHBIX BECOB OCTAJIbHBIX
JIOKaJbHBIX KPUTEPHUEB ONTUMHU3AIINY TIPUBEICHA Ha puc. 6.7.

) KIM, %

100+
90—+ L
a0+
70
60+ ;'LKpl{ ?LKPZ{?LKPE
50+
40
30+
20+
10+

}'-IﬂfII'u'I
I I | -

0,10,2 0,304 0,5 0,6 0,7 0,8 0,9 1,0

Puc.6.7. 3asucumocmo KHM om yoenvhozo eeca Kpumepus
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3agaya yMEHBIICHUS MATEPUATOEMKOCTH H3JACIMNA B I03aKa3HOM IIPO-
MBIIIUICHHOM TIPOHM3BOJICTBE SIBIIICTCS OJHUM M3 BaXKHBIX (DAKTOPOB CHUIKCHHS
ce0eCTOMMOCTH U3/ICTUM, MO3TOMY aBTOMAaTU3UPOBAHHBIA MOJYJIb ONITUMAIbLHO-
r0 MHOTOKPUTEPHUAIBHOTO PACKPOS MAaTEpHUAJIOB SIBISIETCS OMNPENEIAIOMIEN CO-
crtaBHOl yacThio nojcucteMbl ACTIIIT kommekcHot CAIIP kopmycHoit mebe-
JIU.

6.5. Pa3padoTka ynpaBjiasiiomux nporpamMm 1Jis ctankos ¢ UITY

CrpemiieHrEe TPOU3BOAUTENICH MEOEIN K TMOBBIIICHUIO CTETEHU YKCKIIO-
3UBHOCTH BBIITYCKA€MBbIX M3]I€JINM, BBI3BAHHOE TPEOOBAHUSIMHU COBPEMEHHOTO
pBIHKA, HEM30C)KHO MPUBOJNT K YCIOKHEHUIO TCOMETPUYCCKHX (OPM COCTaB-
HbIX 37eMeHTOoB KMUA, uTo o0yciaBiuBaeT 3aMEeTHbIE U3MEHEHUSI B TEXHOJIO-
TUW W OpraHu3alluu TPOU3BOJICTBA. M3roToBiaeHUe MOJOOHBIX JAeTajieid Mmpe-
CTaBJIsIeT COOOM JTIOCTATOYHO TPYAOEMKHUN M JJIUTEIBHBIA MpOIecC, HE TapaHTHU-
pYIOIIMH WICHTUYHOCTh UX XapaKTEPUCTHK MO BCEMY MHOXKECTBY, YTO MOXKET
MPUBECTH K CYIIECTBEHHOMY CHHXEHHUIO KayeCcTBa M3J]IEJIUM, HETOMyCTUMOMY B
YCIOBUAX T03aKa3HOTO MPOMBIIIIEHHOTO MPOU3BOICTBA. MeOebHbIe Tpenpu-
SATHS OKa3bIBAIOTCS Tepell HEOOXOAMMOCTHIO HCIOJIb30BaHUS  (PE3epHO-
MPUCAAOYHBIX U KPOMKOOOJIHMIIOBOUHBIX cTaHkoB ¢ UIIY, motomy uto Kadect-
BeHHasi U ObICTpasi 00pabOTKa CIIOXKHBIX JIETajield B MPOMBIIIUIECHHOM MaciiTade
BO3MO’KHA TOJIBKO HA HUX.

Onnako ucnosb3oBanre ctaHkoB ¢ UIIY cTtaBuT 3amady mpoeKTHUPOBAHUS
YIOPaBJIAIONIMX TPOrpaMM, MUHHUMHU3HUPOBATh TPYAOEMKOCTh KOTOPOH MOKHO
MMyTEeM aBTOMAaTHYECCKON TMepeauyd TeOMETPHUECKON MH(pOpMaIuu U3 MaTeMaTH-
yecko mogenu KMUA depe3 nHTEpaKTUBHBIN MPUKIATHOW MOJYJb HEMOCPET-
CTBEHHO B CUCTEMY yIpPaBJICHUS CTAaHKA.

B nponecce dhopmupoBaHHsS TpaeKTOPUU IBHXKCHUS MHCTPYMEHTa HE0O-
XOJIMMO 00€CTeYUTh TEXHOJOTHYECKHEe TpeOoBaHMs 00pabOTKM MaTepuana, He-
COOJIIOJICHUE KOTOPBIX MPUBOJUT K HMCKAKEHUIO T€OMETPUUECKUX IapaMeTpoB
KOHTYpa IMaHeIu, YXYIIEHUI0 KauyeCcTBa MOBEPXHOCTH pe3a, a B OTJACIbHBIX CIy-
yasX U K BBIXOJY M3 CTpOs cTaHKa. [1o »ToM mpuyrHEe MOJHOCTHIO aBTOMaTHYe-
CKHE aJrOpuTMbI (D)OPMHUPOBAHHUS TPACKTOPHUU HE BCErJa MOTYT FapaHTHPOBATh
MOJIHOE W 0e30M00YHOe COOMI0ICHUE BCEX TEXHOJOTMYECKUX TPeOOBAHMIMA.
Monayne npoextupoBanus YII nnsa ctankos ¢ UITY nomkeH peann3oBbIBaTh Clie-
JYIOIIIME OCHOBHBIE OTIEPAIIUU

- aBTOMATHYECKOE TOJIydCHHE BCEH HE0OXOauMOoW MHGOpMAalMH M3 Ma-

TEMATHUYECKOM MOJCIIN U3ICIIHS;
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- aBTOMaTHuyeckoe (popMHUpoBaHUE TPACKTOPHUI ABMKEHUS HHCTPYMEHTA,
- HMHTEPAKTUBHBIM pexuM npoektupoBanus YII, obecneunBaronmii pea-
JTU3alMI0 MAaKCUMaJIbHOTO Habopa MPOEKTHBIX ONepalui;
- aBTOMaTuueckas reHepaiusa Tekcta YII mis BeioOpanHoro cranka ¢ UITY
C BO3MOXKHOCTBIO €€ BepU(PHUKAIMHA B TOKAJIPOBOM U KOHTYPHOM PEXKH-
Max, a Tak)Ke€ B peKUME CheMa MaTepuana;
- pa3paboTKa MOCTHPOLIECCOPOB JUIsi HOBBIX CTAHKOB 0€3 MpPUBJICYEHUS
CTOPOHHMX CIEIUATIUCTOB.
MaremaTuyeckasi MOJEIb MEOEIbHOTrO M3JENHsl BKIOYaeT B cels O0Jib-
o 00beM pa300IIEHHBIX T€OMETPUUECKUX JAHHBIX 00 OTIAEIBHBIX COCTABHBIX
AJeMEHTaxX. DTO HE SIBASETCS KPUTUYHBIM MPU BBIMOJHEHUHU MPOEKTHBIX Omepa-
IAM TU3aiiHEpCKO-KOHCTpyKTOpckoro 3tana KLU, ogHako cTaHOBUTCS Tako-
BBIM IIPU MEPEXO0J€ K MPOEKTUPOBAHUIO TEXHOJIOTUYECKUX MPOILIECCOB 00paboT-
k. Moaynp UMIopTa TeoOMEeTpuUYecKord MHMOpMAIMd U3 MaTeMaTUYeCKOW MO-
JENMU U3JeIUsl JOJDKEH pealin30BbIBaTh aBTOMATHYECKUI PEXUM MPENpPOLEeccop-
HOM 00pabOTKM KOHTYPOB MaHEJ e C LENbl0 UX YIOPAIOUYEHHUs, & TAK)KE MOUCKA
Y JIOKAJIU3alMy MOTEHIIMATbHO OMIMOOYHBIX AJIEMEHTOB U MECT UX COMPSIKEHHUS.
ABTOMaTHYeckoe (HOPMUPOBAHUE TPACKTOPUU IBUKEHUS HHCTPYMEHTA
JIOJIKHO BBITIOJIHSTHCS HA OCHOBE y4yeTa M aHajIu3a CIEAYIOLEd COBOKYMHOCTH
JAHHBIX
- T€OMETPUUYECKHUE MapaMeTpbl KOHTYypa 0OpaOOTKH U HHCTPYMEHTA;
- cnoco0 MoABOAA U OTBOJA MHCTPYMEHTA: MO KacaTelabHOW, HOpMAJIH
WJIU JyTE;
- CXEMbl BpEe3aHUs U ABMIKECHHS MHCTpyMeHTa. B o0miem ciyvyae TpaekTo-
pusi JIBWKEHUS WHCTPYMEHTA TMPEICTABISET COOOM MOCIeq0BaTENb-
HOCTh CTaHJAPTHBIX (a3: MOABOJ, BPe3aHUE, YCPHOBOM MPOXO/I, YUCTO-
BOM MPOXO/JI, OTBOJ UHCTPYMEHTA,;
- HAJIM4YMUE B MEPEXOJEe YEPHOBOM M YHUCTOBOM 0OpaOOTKH: MPUITYCK Ha
YHCTOBYIO 00pabOTKY, MEepeKphITHE clieAa Ppe3bl Ha HaYaJIbHOM y4acT-
Ke, mepeber Gppessr;
- PEeXUMBI pe3aHus, OnpeaesseMble sl Kaxaou (a3sl 00pabOTKH C BO3-
MO>KHOCThIO aBTOMATHYECKOIO M3MEHEHHS MOJa4yd B 3aBUCUMOCTH OT
TUMa 00pabaThIBAEMOTO yJyacTKa.
Jlnst aBproMatrueckoi reHepauuu Tekcra YII HeoOxonumo 3agath 00Jb-
I0€ KOJIMYECTBO MapamMeTpoB, MHOTHME M3 KOTOPHIX HA3HAYAIOTCS TEXHOJOTaMU
Ha OCHOBAaHHUU COOCTBEHHOTO OMbITa. B 3TOM cilyuae TpaeKkTopusi JBUKECHUS UH-
CTPYMEHTA MOKET MOJYYUTHCS HEONTUMAJIbHOM, HAIPUMEpP, C OOJBIIUM KOJIH-
YECTBOM MECT PE3KOM CMEHBl JBMKEHHS WHCTPYMEHTA, M3-3a YEro IMPHUBOJbI
CTaHKa 3HAYUTEIbHYIO YaCTh BPEMEHU OYIyT HAXOAUTHCA B PEKUME TOPMOKE-
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HUA WK pa3roHa. [IoMHUMO 3TOro KOHCTPYKIMOHHBIE CBOWCTBA OCHOBHOT'O Me-
oenpHoro marepuasia (JICtII) HakIaaBIBAIOT PsAJ OTPAHUUYCHUI HA TEOMETpUYC-
CKHE TTapaMeTpbl 00pabaThIBa€MbIX KOHTYPOB.

JInst qocTHKEHUsl ONTUMAJIbHBIX PEe3yJabTaToB IpoekTupoBanus YII B co-
OTBETCTBYIOIIUN TEXHOJIOTMYECKUH MOIYJb HEOOXOIMMO BKIIOYHTH CIEAYIO-
II1E€ BO3MOKHOCTH:

- OIpeJeseHue TEXHOJIOTUYECKUX IMapaMEeTPOB M PEKUMOB KaK HENo-
CPEACTBEHHO B X0JI€ KOPPEKTUPOBKH aBTOMATUUYECKH CTEHEPUPOBAHHOM
MPOTPaMMBbI, TaK U B pEKUME MPEIBAPUTEIILHON HACTPOUKH MpU padoTe
C TUTIOBBIMH U TPYTIIOBBIMU MPEICTaBUTEISIMU,;

- OIpeesieHue PEeKUMOB 00pabdOTKH KPUTUUECKHUX YYACTKOB TPAEKTO-
pUH, HAIPUMEP, BHYTPEHHUX U BHEITHUX COMPSIKEHUN;

- 3aJlaHu€ YEPHOBOTO M YHUCTOBOTO PEKUMOB OOpPaOOTKH C BO3MOXKHO-
CThIO (POPMUPOBAHUSA TPAECKTOPUM MHOTOMPOXOJHONM O0OpabOTKH U OI-
pelieneHus nociieI0BaTeIbHOCTH (HOPMHUPOBAHUS TTPOXOJIOB;

- ompezeseHue JIObIX TOMYCTUMBIX PEKUMOB MOJIBOJIA, BPE3aHUSs, OTBO-
Jla ¥ BBIXOJAa MHCTPYMEHTA, a TaKXe€ €ro MpOMEXyTOYHOI0 OTBOJAA B
clydyae MHOTOIIPOXOHOM 00paboTKHU;

- (popMHpoBaHUE ACCOIMATUBHBIX CBsI3€l 00padaThIBAEMBIX KOHTYPOB U
napaMeTpoB 0OpabOTKHU C 1LIEJIbI0 MOCHEAYIOMEH aBTOMAaTUHYECKON MO-
TM(UKAINU TPACKTOPUH NPU U3MEHEHHM T€OMETPUHM U OpPraHu3aluu
OMOJIMOTEK TUIIOBBIX 00pabaThIBAEMBIX KOHTYPOB.

Baxnoe 3nauenue B npouecce TIIII npu ucnons3zoBanuu crankos ¢ UITY
npuHaeKUT rpadudeckor Bepudukanuu YII. Hecmotps Ha TO, uTO MX (hop-
MaT JOCTATOYHO MPOCT, B TEKCTE MPOTPAMMbl UMEIOTCSI OOpaIIeHHs] KO MHOTUM
MOATOTOBUTEIBHBIM M BCTIOMOTAaTeNbHBIM (PyHKIUsAM. [lomumo 3TOro B HUX
BKJIFOYAIOTCS. MHOYKECTBEHHBIE CTIOCOOBI KPYTOBOM MHTEPIOJISIIINU U Pa3InIHbIC
CIOCOOBI KOAUPOBAHUS MEPEMEIICHUN. DTO eNaeT MPAKTHIECKH HEBO3MOKHBIM
IUTS TEXHOJIOTa BU3YalbHBIN pexkuM Bepudukanuu YII mo ee TekcTy.

Monyns rpadudeckoil Bepudukanuu paspadaTbiBaeTcs TaKUM 00pa3oM,
9TOOBI O0ECIeYnTh €ro HacTpoiiky Ha moOyio YII Ha ypoBHE TexHomora. Jlms
ATOr0 HEOOXOIUMO MTPeoOpa3oBaTh KO MPOTPAMMBI C TIOMOIIBIO TIPETpoIieccopa
BepHu(UKaTOpa B MPOMEKYTOUHBIN (hOopMaT, KOTOPHI BOCTIPUHUMAETCSI BepU(u-
KaTopoM Ui TpaduyuecKkoil TPacCUPOBKH TpaeKTopuil. JlaHHBIN mpempolieccop
M3HAYaJIbHO HACTpamBaeTCsl Ha Haubosiee pacIpOCTPAHEHHBIE BAPUAHTHI CUCTEM
YITY. IloMumoO 3TOTO OH MOET OBITh OBICTPO aJaNTUPOBAH MPAKTHUYECKH Ha
moOyto uHyro cuctemy YUIIY npu momolm yHUBEpCAIbHOTO MpEnpoleccopa —
11a0JI0Ha, TOJIsl KOTOPOTO 3aMOIHAET HETIOCPEACTBEHHO TexHouor (puc. 6.8).

OcHOBHBIE BO3MOXKHOCTH MOAYJS Tpadudeckod BepUPUKAIUU CIETYO-
ue:
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yCKOpeHHas: Bepu(UKaLKs MPOrpaMMbl C BO3MOYKHOCTHIO BH3yalin3a-
IIUM [Tpolecca CheMa MaTepHana;

MOKapOBOE BepuPUIIMPOBaHHE;

PEXUM OTJIAAKH MPOrpaMMbl C BbIJauell MOAPOOHONW WHGPOpPMAIHUU O
TeOMETPUYECKAX M TEXHOJOTHYECKHX MapaMeTpax o0pabaTbiBaeMOi
MOBEPXHOCTH M JIBIXKCHHH PEXKYIIET0 MHCTPYMEHTA B KaXJIOM Kajpe
VII;

U3MEPEHUE YIIIOBBIX M JMHEHHBIX pa3MEPOB;

bopMHpOBaHHE CTEKa KOHTPOJIbHBIX TOYECK;

KOHTPOJIb 3ape30B 00pabaThIBa€MO¥ MOBEPXHOCTH, a TaKXke coyaape-
HUI WK 3ape30B KOHTPOJbHOU MOBEPXHOCTH, ¢ KOTOPOU HE JOMYCTUM
KOHTaKT PEXYIIero HHCTpyYMEHTa B mpoiiecce o0padoTku (puc. 6.9);
GbuIbTpanys U yIpaBiecHHE MapaMeTpaMu 0TOOpaKeHHUsI.

VII v
IIpenpoueccop IIpoMeRyYTOYHBIH
(G-xox) pepHlHKaTOpa | | fopmar
1 l
VHHEepCaTbHbIH I'padHaeciait
TP ETPOoLiECCOP BepPHHKaTOp

!

Puc.6.8. Cxema eepugpuxayuu YII

KOHTPOMBHAS OB EPXHOCTE

O0padarTbBEaeMas [IOEEPXHOCTE

Puc.6.9. Cxema obpaszosanus 3ape306
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Jns amantanuu MOAynsl NMPOEKTUpOBaHHMS YII K KOHKPETHOUW CHCTEME
UIIY cymiecTByeT 1BE BO3MOKHOCTH:

- MCIIOJb30BAHUE CTAaHAAPTHOIO ITOCTHPOLECCOPA W3 CYIIECTBYIOIIEH

OMOJINOTEKY,

- TOCTPOEHHUE CHUCTEMHO-OPUEHTHUPOBAHHOTO IMOCTIPOLIECCOpPA CPENCTBA-
MH YHUBEPCAJIBHOIO MOCTHPOLECCOPA C MOCIECAYIOUIUM 3aHECEHUEM €TI0
B OMOJIMOTEKY.

Takum oOpa3om, UHTErpalysi aBTOMATU3UPOBAHHON CHUCTEMbI KOHCTPYH-
poBanust KMUA ¢ ACTIIII B pamkax komrmuiekcHoil meOenbHoi CAIIP mo3Bo-
JIIET TEXHOJIOTY MOJIYYUTh CIEIYIOUIME MPEUMYIIECTBA!

- a0COJI0THOE COOTBETCTBUE T€OMETPUUECKUX MOJIETIed Ha KOHCTPYKTOP-

CKOM M TE€XHOJIOTMYeCKOM oTpeskax KIU;

- MCIOJb30BAHUE KOHCTPYKTOPCKOTO MOIYJS JJISI ONIPENEICHUS TEXHOJIO-
TMYECKUX OCOOCHHOCTEW MPOU3BOJACTBA B CUJy TOrO, YTO MHOTHE TEX-
HOJIOTUYECKUE TapaMeTpbl JU00, MO CYTH, SBIAIOTCS T'€OMETPUUECKHU-
MU, T100 AOMYCKAIOT OUYEBUIHYIO T€OMETPUUECKYIO HHTEPIPETALIUIO;

- ONTUMAJIIBHOE COYETAHWE ABTOMATUYECKOTO, aBTOMAaTU3HUPOBAHHOIO H
PYYHOTO peKMMOB ITpoeKkTupoBanus Y I1.

[Tpu BrItOueHMM Momyis aBromatu3anuu TIIII B cdepy meicTBUS KOH-
neniuu BOIIII mosiBiseTcss UCKIIOYUTEIBHO BaXKHOE JAOMOJHUTENIBHOE IIpe-
MMYILIECTBO, OOYCIOBICHHOE MEPEHOCOM YaCTH TEXHOJOTUYECKUX IPOECKTHBIX
ornepaluii Ha ypOBEHb KOHCTPYUPOBAHMS, YTO SABISIETCA 00Jiee BHICOKMUM YPOB-
HeM a0CTpaKUUU A7l TEXHOJIOTHUECKOTO MPOESKTUPOBAHHUS.

[Ipy BBIMONHEHUM NPOEKTHBIX ONEpaluuid KOHCTPYHPOBAHHUS YyUET TEXHO-
Jorudeckux ocobOeHHocted u3rotoBieHuss KMUMA cyliecTBEHHO 3aBUCHUT OT
KBTM(pUKAIIMH KOHCTPYKTOPA U 3HAHUS UM T€XHOJOTHUHU. OMBIT MOKa3bIBAET, UYTO
KOHCTPYKTOP JAJ€KO HE BCET/Ia MHTYUTHUBHO WJIM OCO3HAHHO YUYUTHIBAET TEXHO-
JIOTUYECKHUE OCOOCHHOCTH HM3TOTOBJIEHUS; OYEHb YaCTO MHOTHE MapaMeTphl Jie-
Tajgel BBIOMPAIOTCS UM CHOHTAaHHO, MCXOJ M3 CYOBEKTUBHBIX MPEANOYTCHUN
WY mokenaHui nuzaitHepa. bazoseiit moctynat koHuenuuu BOIIII npenmona-
raeT ¢popmupoBanue 0a3pl naHHbBIX KTTO Ha abcTpakTHOM ypOBHE M JOCTYI K
HEHl Tpu peanu3alnuu MPOSKTHBIX oreparuii Ha Bcem npotsokenun KLU [ 66,
82].

[IpoextupoBanne KMHA ¢ yuetom KTTO no3Bonsier n3dexaTth 00Ib1110-
ro KOJMYECTBA HETEXHOJIOTUYHBIX KOHCTPYKTUBHBIX pelIeHUN. ITO AeT A0MOJ-
HUTEJIbHYIO SKOHOMHIO PECYpPCOB 32 CUE€T MUHUMM3ALMU JTUTEIBHOCTU OOpa-
OOTKHM JeTaned M KOJUYecTBA CMEHHOTO MHCTPYMEHTA, YMEHBUICHUS BPEMEHU
COTJIACOBAHUM MPUHSTHIX PEUICHUN MEXKAY KOHCTPYKTOPOM U TEXHOJOIOM H CO-
KpAIllCHUsI KOJIMYECTBA TEXHOJOTMYECKHX MEPEXOJIOB, YTO B KOHEYHOM HTOreE
MPUBOJIUT K CHUKEHHIO c€0€CTOMMOCTH U3TOTOBJICHUS U3ACIIUMN.
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6.6. BpInycK TeXHOJIOTHYECKOM JOKYMEeHTAIMU

Texnosornueckass nokymenrtanus (TJI) mpencraBiaser coOOW KOMILICKC
rpauuecKuX U TEKCTOBBIX JOKYMEHTOB, OTIPEIEISIONINX TE€XHOJIOTHIO U3TOTOB-
neanss KMUA u coaepxalyux MoOJHBIN HaOOp JaHHBIX, HEOOXOAUMBIX ISl Op-
raHu3aluu npou3BoJCcTBAa. OCHOBHBIMHU TE€XHOJOTMYECKUMH JOKYMEHTAMH SIB-
JIAKOTCS:
- MapupyTHas Kapra, comepxamas onucanue TII m3roroBnenus usue-
TS, KOTOpasi BKIJIIOYAET B ce0s yHNOPSAOUYECHHYIO MOCIIEI0BATENIbHOCTD
TEXHOJIOTUUECKUX OMNEepalnil C yKa3aHUEM HCIOJIb3yeMOro 00opy1oBa-
HUSI, OCHACTKH, THCTPYMEHTA, MATEPUAJIOB U PAJIa IPYTUX MTApAMETPOB;

- KapTa 3CKHu30B, rpaduueckn oToOpakaromias ocHOBHbIe dTanbl TII u3-
TOTOBJICHHUS ;

- ONEpalMoHHAas KapTa, coaepkaiasi moaApoOHYy0 HHPOPMALIUIO O pa3fe-

nenun TII Ha onepanuuy;
- TEXHOJIOTHMYECKasl KapTa Ha OTIeNbHBIA BHJ paboT (packpoii MaTepua-
JIOB, U3TOTOBJICHUE KOMIUIEKTA IBEPEH U T. 11.);

- KOMIUIEKTOBOYHAs KapTa ¢ MH(popManue o netaisx u COOpOUHBIX eIu-
HHUILIAX;

- TEXHOJIOTUYECKUE MHCTPYKLHH, COJAEpKAIIME ONMUCAHUA METOJOB KOH-
tposst TII, mpaBun ucnonb30BaHUsA 00OPYIOBaHUS, TEXHUKHU Oe3omac-
HOCTH H T.1.;

- BEJIOMOCTh OCHACTKH (crienupuKanms) ¢ mepeuHeM HeOOXOAMMBIX TIPH-
CIOCOOJICHUI U UHCTPYMEHTOB;

- BEJIOMOCTh MaTepuaioB (crenuduraius), onpeaestomas HOpMbl pac-
X0Jia MaTepuaaoB Ha U3TOTOBJICHUE KAXKIOM JETAIIH.

KommnektHocts TJ] Ha KOHKpeTHOE MeEOEIbHOE M3JeNre OIpeesaeTCs
€ro BUJOM, CI0KHOCTBIO M3TOTOBJIEHHUS, OpraHU3alyel MPOU3BOACTBA U MPHUHS -
THIMHU CTaHAApTaMH MpeanpusaTus. Bes mokymeHTanus GopMupyercs B aBTOMa-
TUYECKOM WJIM aBTOMAaTU3UPOBAHHOM pPEKMME Ha OCHOBAHWU MaTEMaTUYECKOU
mosienu KMUA u BeiOpanHoro TII usrotoBneHus.

ITpu npoextupoBanuu TII B ACTIIII MeOenbHBIX U3ACNHI ITUPOKO MPH-
MEHSIETCSI METOJI TPYNIOBOM TEXHOJIOTUH, Oa3UpyIOUIUic Ha 0O0bEIUHEHUU Je-
TaJlell B TPYMIbI 10 KPUTEPUIO KOHCTPYKTUBHOTO WJIM TEXHOJIOTHYECKOTO IOJ0-
ous [122, 146, 147]. Ha npennpustiuu GopmupyeTcs 0aza JaHHBIX JCTalleH |
TEXHOJIOTUM, KOTOpasi UCMOJB3YEeTCs TeXHOoJoraMu sl Beioopa 6azoBoro TII u
€ro mocieayole MoAupuKaluu B cliydae HE0OXoauMocTH. g Kaxmaoi
TPYIIBI JeTaJIeH OnpeaesseTcs AeTalb-TIpeICTaBUTeNb (peabHas IeTab, 00a-
JaroIIas MaKCUMalbHBIM Ha0OpOM MPHUCYIIUX BCEM JCTANISIM T'PYIIIbI CBOWCTB)
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WIM KOMIUICKCHas neTayib (Jeranb, oOBEAMHSIONIAs CBOWCTBA BCEX JIETalCH
TPYIIIIBI).

VYcnoBrueM UCMONB30BaHUs TPYIIOBOM TEXHOJIOTUHU SIBIsIETCS pa3paboTka
U TIPUHATHE B KA4ECTBE CTaHIapTa MPEANPHUITHS CUCTEMBbI KIacCU(DHUKAIUU H
KOJMPOBaHUS JAeTaneil. YUMThIBas MO3aKa3HbIA XapakTep OpraHu3aluu Mpou3-
BOJICTBA, MPEANOYTEHUE OTAAETCS UCMOJIb30BAHUIO LIETHOTO KO/Ia, KOTOPHBIH, He-
CMOTpS Ha MEHBIIYI0 WHPOPMATHUBHOCTH MO CPABHEHHIO C MEPAPXUYECKUM KO-
JIOM, JIETKO KOHCTPYUPYETCS U MOIUPHUITUPYETCS.

Mapuipyt 06paboTKu 10001 AeTau reHEPUPYETCs] aBTOMAaTUHYECKH TIOCIIE
€€ KOJUMPOBAHMS U BBOJIAa MOJYYEHHOTO KOJA B aBTOMAaTHU3UPOBAHHYIO CUCTEMY.
On mnpencraBisier coboii mapuipyTHyto Kapty TII wu3roroBnenust neranu-
MpEACTABUTEISI UJIM KOMIUIEKCHOW J€Talau, KOTopas B JaJbHEHIIEM MOABEpraet-
csl He0OX0 MO 1opaboTKe.

KapTta 3ckn30B MOXKET NMPEACTABIATh COOOM OTJAEIbHBIN TEXHOJOTHYECKUM
JOKYMEHT, HO B ME0OEJIbHOM MPOU3BOJACTBE ONEPALMOHHBIE 3CKU3bI Yalle BKIIIO-
YaloTCsl B MAPUIPYTHHIE, OTIEPALIUOHHBIE WK MAPLIPYyTHO-OMEPALIMOHHBIE KAPTHI.
Onu popmupytorcs cpeactBamMu KoHcTpykTopckoit CAIIP myTem penykuuu cy-
HIECTBYIOIIEH MAaTEMATUYECKOW MOJEIH.

OneparmoHHbIe KapThl MPEACTABISAIOT COOOW pPE3yNbTaT JEKOMIIO3UIIHH
WHMOPMAIITMOHHON MOJENHN NeTaau Ha OTAelbHbIe 00pabaThiBaeMbIe TTOBEPXHO-
CTH C YYETOM €€ KOHCTPYKTHMBHO-TEXHOJIOTHYECKOH CTpyKTyphl. Juddepenmm-
pOBaHHUE M KOHIIEHTpalUs MEPEXO0JIOB OCYIIECTBISIOTCS MUCXOs U3 TPEOOBaHUS
OOIIMX TEXHOJIOTMYECKUX 0a3 M MCIOJIb3YeMOr0 MHCTpyMEHTa. Pe3ynbTaThl BbI-
MIOJIHEHHSI YKa3aHHBIX JACHCTBUN MOXHO TMPEICTABUTHh B BUIE oprpada, MpuMep
KOTOpOTO npuBeneH Ha puc. 6.10. B cooTBeTCTBUM ¢ HUM Ha OCHOBaHHH WH()OP-
MalliH, coJepkaienicss B TexHoiorndeckor bJl, aBTomatuuecku popmupyercs
omnepalMoHHas KapTa, KOTopas MepefaeTcsl B CleuaIu3upOBaHHbINA TaOJIMYHBIN
penaKkTop JUisl OKOHYATEIbHOU T0PabOTKHU.

HaGop TexHomormueckux kapT, POpMUPYEMBIX Ha OTHAEIbHBIC BUIBI pa-
6ot, ompenensercs cnenuduroit KMUA, xoTopble BBIITyCKaeT MPEATNPUATHE.
EnuHcTBEHHBIMU TOJOOHBIMU JOKYMEHTAMH, MPUMEHSIEMBIMU BCEMHU MeOesb-
HBIMU TIPEANPUATHIMU HE3aBUCUMO OT HOMEHKJIATYPBI U CTPYKTYPBI IPOU3BO/I-
CTBa, SIBJSAIOTCSA KapThl pacKposi JUCTOBBIX M MOTOHHBIX MaTepuaioB. B cocras
mo0oi kommiekcHOM mebOenbHOol CAIIP BXOAUT COOTBETCTBYIOUIMI MOAYJb,
MPUHITUIBI pa00THI KOTOPOTO PACCMOTPEHBI B pasjene 6.4.

Nubie mogoOHbIe TOKYMEHTH (POPMHUPYIOTCS B 3aBUCUMOCTH OT MOTpEO-
Hocted TII m3roroBnenus. s 3T0ro CymiecTBYIOT CI€IMaIbHbBIE MPOTPAMMBI-
MacTtepa, oOiagarolme HE0OX0IMMOW (YHKIIMOHAITBLHOCTHIO. B KauecTBe mpu-
Mepa MOKHO MPUBECTH MacTep MOCTPOSHUS MPOGUIBHBIX Pa3aBIKHBIX ABEPEH,
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KOTOPBIH MO3BOJISICT B MHTEPAKTUBHOM PeKUME (POPMHUPOBATH TEXHOJIOTHISCKHUE
KapThl U3TOTOBJICHUS, COACPIKAIINE CICAYIONTYI0 HHPOPMAIIHIO:
- MapaMeTpbl ¥ TEOMETPUUYCCKHUE pa3Mephl JIEMEHTOB MPO(PUIBHON CHC-
TEMBI U CUCTEMBI pa3JBUKECHUS,;
- pa3Mepbl, MaTE€pHUaIbl U TOPSAIOK CTHIKOBKH COCTAaBHBIX 3JIEMEHTOB Ka-
y91(0) 911:150) 2
- DCKHU3bl JIEKOPATUBHBIX PUCYHKOB, BBIMOJHSEMBIX HA OTACIBHBIX 3Je-
MEHTaXx.

1- pacrHnoeka
2- (hopMHpORaHHE KOHTYpa

3- ppezeporaHHe 11aza A-A
4- cBepleHHe OTBePCTHH 1101 €BPOBHHTBI

5- cRepiieHHe OTBEPCTHH I10]] CTSDKKH
6- (ppezepopaHHe OTBEPCTHA
7- oO/IHMIIOBKA KPOMKH MaTepHanoM IIBX

SRR RORBRORC

Puc.6.10. Opzepagh cmpyxkmyput nepexooos

KommnekroBouHast kapTa ¢ MHpOpMaNKeil 0 JeTalIsX U COOPOYHBIX €Iu-
HUIAX, a TakXKe CrenuuKaIus Ha UCTOJIb3yeMble JIUCTOBBIE U OOJUIIOBOYHBIC
MaTepHuaibl GOPMHUPYIOTCS MOTHOCTHIO aBTOMAaTHYECKH HAa OCHOBAaHUH 00padoT-
k1 uHpopmamuu, comaepkamieiicss B Marematndeckoii mogenn KMUA u Gaze
naHHBIX. OHU MPENCTaBIAIOT CO00H TaOIUIIBI 3aJaHHON CTPYKTYpPHI, B KOTOPBIX
BBIBOJISTCS HAaMMEHOBAaHWE W KOJ DJIEMEHTA, TOYHOE PACUETHOE KOJIUYECTBO
JaHHBIX JIEMEHTOB B COCTaBE W3NETUS M €IUHUIBI n3MepeHus. CrenuaibHbIi
penakTop Gopm crenupUKaIi MO3BOJIAET MONTy4YaTh JOKYMEHTHl B TOM BHUJIE,
KOTOPBIN MPUHAT HA KOHKPETHOM TIPS ANPHUATHH.
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AHaJIOTUYHBIM 00pa30M BBITIOTHSAECTCS (HOPMHUPOBAHKE BEIOMOCTH OCHA-
CTKH U MHCTPYMEHTOB, TOJIbKO MCXOJTHOW WH(OpMAIUEH ABISCTCS MapIIpyTHO-
OTNEepAIMOHHAs] TEXHOJIOTHUS U3TOTOBJICHUS U3/ICIIHS.

JInst moJiydeHust pa3IMYHbIX TEXHOJOTHUYECKUX MHCTPYKIHUM pa3padbaThiBa-
€TCsl CNEeUHUaIu3UPOBAHHBIA TEKCTOBBIM PEAAKTOP, BKIOYAIOIINN B CBOM COCTaB
0O0JIBIIIOE KOJMYECTBO TUIIOBBIX OMUCAHWUM MeTOJ0B KoHTposs TII, mpaBun uc-
MOJI30BaHUsI 000PYyAOBaHUs, TPeOOBAHUN TEXHUKHU 0€30MaCHOCTU U APYTUX He-
00XO0IUMBIX JIeMEHTOB. KaxkIplii TakoM 3J€MEHT COCTOUT U3 JABYX YacCTeil: Io-
CTOSSHHOM M mepemMeHHOU. [lpu BKIOYEHHH €r0 B MHCTPYKIIUMIO IMOCTOSIHHAs
4acTh OCTAE€TCsI HEM3MEHHOM, a IEPEMEHHAs] — BAPbUPYETCS TEXHOJIOIOM B 3aBU-
CHUMOCTH OT KOHTEKCTa UCTIOJIb30BAHUS.

Takum obpazom, 6osbiias yacte T/l B pamkax xomrmuiekcHoit CAIIP me-
OCNBbHBIX U3ACHUN (POopMUpYETCS B aBTOMAaTHYCCKOM HJIM aBTOMAaTH3UPOBAHHOM
peKHuMe, 4TO JAeT cyllecTBeHHoe cokpamieHue Bpemenu TIIII mpu omHOBpe-
MEHHOM COKpAaIIeHUN KOJIMYECTBA CYOBEKTUBHBIX OIINOOK.

6.7. HopmupoBaHue U3roTOBJIEHUS U3/1eJUSA

HopmupoBaHue npenctaBiseT cOO0M BaXXKHYIO COCTaBISAIOILYI0O KOHKYPEH-
TOCIIOCOOHOCTHU BBINTYCKAE€MOM MPOAYKIMHU, MOCKOJBbKY MO3BOJIAET CHU3UTH Ce-
6ecroumocTs m3rotosieHuss KMUA u moBbicuTh 3(pPEKTUBHOCTH YIpaBIeHUS
3aTpaTaMu, YTO SIBJISIETCS OCHOBOM (hopMHpOBaHMs THOKOU MOTUTUKH IIEHOOOpa-
30BaHusA. JT0 yacTh mpouecca TIIII, koTtopas pemaer cieAyrouide OCHOBHBIE
3a/1a4yu:
- TOYHOE HOPMHUPOBAHME PACX0Jla MATEPUAIOB U KOMIUICKTYIOIIHX;
- pacuer IUIAHUPYEMBIX MaTepHAIbHBIX 3aTpaT HAa M3TOTOBJICHUE H3JE-
s

- y4eT paKTUYECKHX MaTepuaIbHBIX 3aTPaT HAa €r0 U3TOTOBJICHUE,

- KOHTPOJIb M aHAJHW3 3HAYCHHUH OTKJIOHECHHS (DAaKTUUECKUX MaTepuaib-
HBIX 3aTpaT OT IUIAaHUPYEMBIX 3aTpar;

- TOYHOE HOPMHUPOBAHHUE 3aTpaT BPEMEHH, HEOOXOJUMOI'O0 Ha BBINOJIHE-
HUE OTAENBbHBIX onepaiuil, npenycMoTpeHHbIx TII usroroBnenus usmie-
s

- pacuer IUIaHUPYEMbIX TPYAOBBIX 3aTpaT Ha U3TOTOBJICHUE U3JIEIIHS;

- ydeT paKTUYECKHUX TPYAOBBIX 3aTPAT HA €TO U3TOTOBJICHHUE;

- KOHTPOJIb U aHAJNIWU3 3HAYCHUH OTKIOHEHUS (PAaKTUYECKUX TPYAOBBIX 3a-

TpaT OT IUIAHUPYEMBIX 3aTparT;
- COCTaBJIEHUE U aHAJINU3 MPOU3BOACTBEHHBIX IUIAHOB C PAaCYETOM ILJIAHO-
BOW ce0eCTOMMOCTH, MPUOBUIM, PEHTAOEIBHOCTH M JIPYTHX IJIAHOBO-
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SKOHOMHYECKHUX MOKAa3aTeer, KaK Ha €AUHHUILY BBITYCKaeMOW MPOIYK-
IHAH, TAK U MO0 BCEMY ACCOPTUMEHTY WJIM MO BCEM MOJAPA3ACICHUAM
MPEANPUATHS,

- (opmupoBanue >PGEKTUBHOTO TUIAHA MaTEepPUATHLHO-TEXHUYECKOTO
CHa0XEHUSI U ONTUMU3ALUU 3allaCOB MATEPUAJIOB M KOMIUIEKTYIOILIUX,
HamnpaBJICHHOE HAa MHHUMHU3ALHI0 M3JIEPKEK 3aKYNKA M XPaHEHUS
CKJIQJICKMX 3aI1acOB.

Martematuueckas monens KMUA, chopmupoBanHast Ha 3Tarne KOHCTPYH-
poBanus B CAIIP, paspabotanHoii B pamkax koHueniuu bOIIII, conepxut He-
00XOIUMBI 00BEM HMH(pOpPMAIMK IS HOPMHPOBAHUS PacXxoja MaTepuaIoB H
KOMITJIEKTYIOIIUX . DIIEMEHTBI, U3 KOTOPBIX POPMUPYETCS MOJENb, ABISIOTCS a0-
CTParMpOBAHHBIM OTOOPAKEHUEM PeaTbHBIX 00BEKTOB, XapaKTEPU3YIOLIUMCS HE
TOJIKO T€OMETPUUYECKUMU MapaMeTpaMu, HO U aITOPUTMAMHU y4yeTa OTpeOHOro
UX KOJMYECTBA B KOHCTpyuUpyeMoM u3aeiauu. B Habop mapameTrpoB Jir000T0
anemenTa KMUWA BXOIWUT mpu3HaK, ONPEACNSIONMNA pPa3MEPHOCTh NMOKA3aTeNs
pacxopa:

- miomans (JCtII, [ABII, 061MII0BOYHBIH IUIACTHK U T.J1.);

- JHMHEWHBIH pa3mep (KPOMOYHBIH MaTepuall, MPO(HIN, CTOJCIIHHIIBI,

HATPABIIIOIINE MEXaHU3MOB Pa3JIBIKHBIX JIBEpEH U T.1.);

- IITYYHBIH y4eT (py4KH, KOMILJICKThI CHCTEM BBIJIBUIKECHUS SIIUKOB, CBE-
TUJIBHHUKY U T.JT.);

- Bec wim 00beM (KiIei, pacTBOPUTEIb H T.J1.).

Ha ocHOBaHMM aHanmu3a mMaTeMaTHYECKOW MOJEIH BBITOJHIETCS TOYHBIN

g depeHIUPOBaHHBIN pacyeT HEOOXOIMMOTO KormdecTBa MaTepuanoB Qnm, pe-
3yJlbTaThl KOTOPOTO OPOPMIISIOTCS B BUJIE CHICU(DUKAIINN:

N M L
— 9 o o
Q.=aa,x§+ab; ¥, +ag xH,, (6.5)
i=1 j=1 k-1
rac N — KOJIMYECCTBO MaTepI/IaJ'IOB, yquHOﬁ XapaKTepHCTHKOﬁ KOTOPBIX ABJISICTCA

IJI0IA b,

(0 — TIOBBINAIOINN KO3 (D(DHUIIMEHT, yIUTHIBAIONINN OTXOIBI TIPU PacKpoe i-ro
IJIOIIAHOTO MaTEepUala;

S — cymmapHas miomajs aetajiei us i-ro marepuaia B ctpykrype KMUA,

M — KoJIM4eCTBO MaT€pUATIOB, YUYUTHIBAIOIIUXCS B €AMHULIAX JUIMHBI,

f; — noBbImaOMui K03(GUIUEHT, YUUTHIBAIOLUINN OTXOABI IPU pacKkpoe i-ro
IIOTOHHOI'0 MaTepHaIa;

lj — cymMmapHbIii THHEHHBINH pasMep AeTanel U3 |-ro MaTepuana B CTPyKType
KMUA;

L — KonmuuecTBO MaTepUaIoB, YUUTHIBAIOIIUXCS B IITYKaX;
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Yk — TOBBIMAIINN KOADPHUIIUEHT, YIUTHIBAIONIMN MPOU3BOJICTBCHHBIE H
BHEIIPOU3BOJICTBCHHBIC, OTHECCHHBIE K K-OMy MaTepuay;
Hy — KoJIM4eCcTBO MTYYHBIX JAeTaneii K-ro HauMeHoBaHUs.

CBognas crnenuduUKaiys MaTepuadbHBIX 3aTpaT MO BCEH HOMEHKIIAType
BBIITYCKA€MbIX H3JEJIUNA ABIACTCSA OCHOBOM pacueTa MaTEepUAJIbHBIX 3aTpaT Ha
TUTAHUPYEMBIN Tiepro. YueT (haKTHYeCKUX 3aTpaT 3a TOT K€ MEepPUOJ U CpaBHE-
HHE TMOJYYEHHBIX MTOKa3aTeIel ¢ TUIaHUPYEMBIMHU MMOKA3aTESIMU JAeT CTaTUCTH-
YeCKyI0 HH(OPMAIIUIO I OTpeIeJICHUS ¥ YTOUHEHUS 3HAYCHUM MOBBIIIAOIITUX
kodpurmenToB. [Ipu goctaTtodyHOM TIepHoe HAOIIOIECHUS OHU MOJTY4YarOT BbI-
COKYIO CTEIEHb JOCTOBEPHOCTH, YTO JAE€T BO3MOKHOCTh MUHUMU3ALUH BHENPO-
W3BOJICTBEHHBIX M3JCP)KEK HAa OCHOBE aHANM3a BEIWYUH OTKIOHEHUH (pakThue-
CKMX MAaT€pUaNbHBIX 3aTPaT Zju, OT 3aIUIAHUPOBAHHBIX 3aTPAT Z,.,, KOTOPHIE
HE JIOJKHBI MPEBBIIIATh NPEAEIbHBIX 3HAUCHUN A 10 KaXK10U MO3ULIUN

|z -Z,.|ED;.

paxm ~ & naan

[ImanupoBanue Tpya0OBBIX 3aTpaT Ha u3roropienne KMHUA anropurmuue-
CKM MJECHTHUYHO IUIAHUPOBAHUIO MATEPUAIBHBIX 3aTpaT. Bce BBINIOIHsEMBIE pa-
00THI MU hEepEeHIUPYIOTCS MO XapaKTePy OTHOIICHHS K OTACIIBHBIM MTapaMeTpam
JeTane WiIn U3ACNHs B IIEJIOM, YTO TIOKa3aHo Ha puc. 6.11.

Hznemie

F

O11eHKa 110
Kos(pHIIHeHTaM

Eamnadan

w

Pabota ITry4Has oLleHKa

I'pyrmioeas

w

T'eo MCTPHYCCEAA | OLICHKA

! I

IInoutagHas JIuHeHHasn

Puc. 6.11. Cmpyxkmypa yuema mpyooemkocmu paoom

Tpyn0oeMKOCTh JIMHEWHBIX pabOT, TAKMX KaK MPSMOJIMHEWHAs paclUIOBKa,
(dbpe3epoBaHue Ma3oB, 0OIUIIOBKA KPOMOK H T.J., PSIMO IPOIOPIIHOHAIBHA CO-
OTBETCTBYIOILIUM JIMHEWHBIM pa3zMepaM, KOTOPbIE aBTOMATUYECKU OMPEICIISIFOTCS
B Mpoliecce aHanu3za Matematnyeckod moaenn KMUA. AHanorudHo paccumThI-
BaeTCA M TPYJOEMKOCTh ILIOMIAHBIX Pa0OT: OOJIMIIOBKA IUIACTH TMaHEJeH Iuia-
CTUKOM, OYHCTKA MaHEJEHd OT MbUIM, HAHECEHHE JIAKOKPACOUHBIX MOKPBITHN W

T.nI.
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PaboThl, HOpMHUpPOBAHUE KOTOPHIX BBIMOJHAECTCS B €IWHHUIIAX IITYYHOI'O
KOJINYECTBA, pa30MBAIOTCS B COOTBETCTBUM ¢ uMeromumMmcs TII Ha enuHUYHBIE U
TpYIIOBbIC, MPUYEM YKa3aHHOE pa30HMeHHEe HOCUT JNMHAMHYECKUU XapakTep U
MOXET U3MEHATHCS JaXKe B Mpeaenax ogHoro usaenud. Hanpumep, omepanus
CBEPJICHUS OTBEPCTUM MO OTHOIICHHWIO K MOHTaXY PY4Y€K BBIJIBUKHBIX SIIIIUKOB
SIBIIAETCS OMEpalel eAUHUYHOIO y4eTa, a Ta K€ camasl omnepaius, BhIIOIHsIE-
Mas TP CIUIOIIHOW mepdoparud BEPTUKAIBHBIX MEPETOPOJOK, OTHOCUTCS K
Omepalyu TPymHIoBOro y4eTa.

TpynoemkocTh psiga omepanuii (COOpka M3aenus, yIaKoOBKa, MOTpy3Ka H
T.I1.) HE MOJKET OBITh IIPUBS3aHa» K KAKHUM-TO KOHKPETHBIM IapaMeTpaM MoJe-
1 u3aenus. B 3Tom ciiydae oHa pacCUMTHIBACTCS MO OTHOIIEHUIO K BBIICJICHHOMN
Tpynne AeTajie WM U3ISIUIO B IIEJIOM Ha OCHOBE HMCIOJIB30BaHUS KOA(DHIu-
€HTOB, OMPEACIAEMbIX dBPUCTUYECKUM MyTEM.

Tpynoemkocts usrorosinenuss KMHUA Q, paccuutsiBaeTcsi B HOpMO-4acax
i depeHIUpPOBaHO IO OMEpaIHsIM, a PEe3yJbTaThl pacdeToB O0(OPMIISIOTCS B
BHJI€ TAOIUIL OTIepaIIHii:

| J K M
Q,=am>S +an A, +ax, +ar X, (6.6)
i=1 j= k=1 m=1
rae | — KonnuecTBO onepaunﬁ, YUYET TPYAOCMKOCTH KOTOPBIX IMPOIMOPIHOHAIICH

TJIOIIAAN TTOBEPXHOCTH AETaIU WU €€ YacCTH;

Ui — KO3 PHUITMECHT TPYTOEMKOCTH 1-0 IIOMATHON OTIepaIuy;

S — cymMMapHast Iiomaas AeTaaeii B U3IeIHK, TPEOYIONINX BBITIOJIHEHUE |-01
oreparuu,

J — KoMuecTBO omepanui, yuyeT TPyJO€MKOCTH KOTOPBIX MPOMOPLUUOHAIECH
JUHEWHBIM NTapaMeTpaM JIeTallu;

Vj — KO3 QOHUIUEHT TPYAOEMKOCTH |-0i TUHEHHO! Oneparuy,

| — cymmapHas minHa metanei B u3fenuu, TpeOYyIOUIMX BBIIOJIHEHHE |-Oi
oreparuu,

K — xonudecTBO omepanuid, TPyJA0EMKOCTbh KOTOPBIX OMPEAENSETCS BUAOM,
Ha3Ha4YeHHEM, (QYHKIIMOHATBHO-KOHCTPYKTUBHBIMUA M UHBIMU OCOOCHHOCTS-
MU U3JETUS;

&k — TPYAOEMKOCTh K-0l omepaliuu mpeIbIIyIero THIa;

L — konuuecTBO onepanui, yauThIBAEMbIX B €IMHUIIAX UCIIOJTHEHUS,;

Pm — TPYAOEMKOCTh M-0# omepaiuy, YYUTHIBAEMOW B €JUHHUIIAX HCIOJIHE-
HUsl; Xy — CYMMapHOE€ KOJMYECTBO AJIEMEHTOB, PEATU3YEeMbIX €IWHUYHOU
WM TPYNIIOBOM M-OM Onepanuen.

He Bce marepumansl, TpeOyrommecss MpU HM3TOTOBICHUM M peaM3alUU
KMMUA, ssBHO BXOIAT B CTPYKTypy maTeMatudeckod moxaenu. OHuU o0Opa3yroT
MHOECTBO «HEBH3YaJIbHbBIX» MAaTePHAIbHBIX KOMIIOHEHTOB U3JI€JUs — COIYyTCT-
BYIOIIIMX MaTepUaNIOB, TPEOYIOUIUXCA s BbINMOIHEHUs npeanucadnHon TII mo-
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CJICJIOBATEIILHOCTH ONEpanuii. DTH MaTtepuanbl U GHEpPSHIIMPYIOTCS MO OTHO-
IICHUIO K TTapaMeTpaM JeTajeii TOYHO TaK jKe, KaK ¥ OCHOBHBIC MAaTEPHAJIbI, & UX
HOPMHUPOBAHHE BBIMOIHICTCS B COOTBETCTBUU ¢ (6.5), eciau moBhIIIAIONINE KO-
¢ punmeHTH 3aMeHUTh KO3 (hPUIueHTaMu yASIBHOT'0 pacxo/ia.

MHOKECTBO COMYTCTBYIOIIUX MaTePUATIOB COCTOUT U3 IEMOYEK, MPE-
CTaBJIAIOIINX COOOW PEKYPCUBHBIC HEIUKIMYECCKHE TPYIIBI, U OMHUCHIBACTCS
CJIETYIOIIUM COOTHOIIICHUEM

S=US, (a) =UGUEM US(a) = (6.7)
j jei k 0
m 1S()=A&"il I,"jT 3"kl K,
rae §((j) — memoYka COMyTCTBYIOIIMX MaTEepPHAIOB AJIS BBHIOJIHEHUS |-Oi ore-
. panuu;
m — i-lif comyTcTByrOmMiT MaTepual, HeOOXOIMMBIH ISl BBINOJIHEHHS |-
OM omnepanum.

Hcxons u3 popmyisr (6.6), ¢ yaetom (6.4), He0OX0IMMOE KOJIMYECTBO CO-
MYTCTBYIOIIUX MaTepPUAJIOB ONpeeseTcs GyHKIIMOHATLHOW 3aBUCUMOCTHIO BH-
aa:

Q. =& F(S) (6.8)
j

O6wvequnss (6.5), (6.6) u (6.8), momyunm Gopmyy sl HOPMUPOBAHUS
CyMMapHbIX MaTepHAIBHBIX W TPYIOBBIX 3aTpaT Ha HW3TOTOBJICHHE CIWHUIIBI
KMUA:

Q=Qmt+ Qo+ Qc.

[Tepexon K TUTAaHUPOBAHHWIO (DUHAHCOBO-DKOHOMHYECCKHX ITOKa3aTelleH
MIPOM3BOJICTBA TPEOYET BHIMIOJIHECHUS JIBYX YCIOBUH:

- BHecenue B b/l maTepuanoB mHGOpMAIIUA O CTOUMOCTH MaTEepUaJIOB H

KOMIUICKTYIOIIIHX;
- JUPEKTUBHOE OMpECICHUE CTOMMOCTH HOPMO-4Yaca BBITTOJTHEHHOW pa-
OOTEI.

CebectoumocTs u3roropneHus equHuiibl KMHUA C MOXHO paccyuTarh 1o
dbopmyie:

L K

N M L .
C:éclm-'-cu—u)éqi-'-éécljmj’ (69)
i=1 i=1

j=1i=1
rae N — KOJIU4eCTBO BHIOB OCHOBHBIX MATEPHAIOB B M3/CIIHU,
Ci — CTOUMOCTb i-T'0 OCHOBHOTO MJIM COMYTCTBYIOIIET0 MaTepraa B U3/IC/INH,
OTHECEHHas K eIMHUIIE ero y4yeta [pyo./en.];
M, — KOJIMYECTBO OCHOBHOI'O WUIM COMYTCTBYIOIIETO MaTepuana i-ro Buaa B
eIMHUIAX YUETa;
Cy-u — CTOUMOCTH HOPMO-Yaca,
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M — KoJIM4eCTBO ONEepaIuii;

0 — TPYZIOEMKOCTb BBITTOJIHEHHUS 1-0¥ onepamuy B HOpMO-4acax;
L — KONMYEeCTBO NEMOYEK COMYTCTBYIOIINUX MATEPUAIOB,;

K! — konmuecTBO 51eMEHTOB B -0l LEMOYKe.

Takum o00pa3oM, B MOAyJ€ SKOHOMHYECKHX paCUETOB KOMILJIEKCHOM
CAIIP meGenu, pa3pabOTaHHBIM Ha OCHOBE PACCMOTPEHHBIX MPHUHIIMIIOB, HOP-
MHpPOBAaHHE TPYAOBBIX M MATEPUAIbHBIX 3aTpaT, a TAKKe ce0eCTOMMOCTH U3TO0-
TOBJICHUS M3JICNHS, BHITTOTHSIIOTCS aBTOMAaTHUECKH HA OCHOBE MH(GOPMAIINH, CO-
nepxkaiieics B marematudeckoit moaenu u bJl. [Ipu npaBuiasHOM HHDOpMAITU-
OHHOM HanojHeHuu bJ/[ u mopnepxkaHuu akTyaJbHOCTH pAacCUMTAHHBIE MOKa3a-
TEJU UMEIOT BBICOKYIO CTEMEHb JOCTOBEPHOCTH U MOTYT HCIIOJB30BaTHCS B Ka-
yecTBe 0a30BbIX MOKa3aTeled I pealu3aluy CIEAYIOMUX 3a7a4, aKTyaJbHbIX
JUTSl T03aKa3HOTO MPOMBIIIIEHHOTO MTPOU3BOACTBA:

- OIEpPAaTHBHOE U CPEIHECPOUHOE MPOU3BOICTBEHHOE IIJITAHUPOBAHUE;

- (bakTOpHBIN aHANTH3 SKOHOMUYECKHX MOKa3aTeleH;

- pacuer TEXHUKO-DPKOHOMUYECKHUX JOMYCKOB;

- IUIAaHUPOBAHUE U ONpEJEIeHNE SKOHOMUYECKH ONTUMAJIbHBIX BapUaH-

TOB aBTOMAaTHU3allMU MPOU3BOJICTBA.

JlonomHUTENbHBIA 3P(HEKT OT BHEAPEHHS PACCMOTPEHHOT'O TOJIXO0/a 3a-
KJIFOYA€TCA B BO3MOXXHOCTH TECHOM HHTErpaluu padOoThl 3KOHOMUYECKOTO MO-
IOy7si C TOJICHUCTEMOW aBTOMATHU3AIlMU CKJIAICKOTO ydeTa sl (OpMHpPOBAHMUS
3¢ (PeKTUBHOTO TJIaHA MAaTePHUATBHO-TEXHUYECKOTO CHaOXeHHs. OmTuMHU3anus
CKJIQJICKUX 3allacOB MaTepHajOB M KOMIUICKTYIOIIUX IO3BOJISIET YMEHBIIUTH
BHEMPOU3BOJICTBEHHBIE U3AEPKKHU, UTO, B CBOIO OUEPE/Ib, BHOCUT ONPEACICHHBIN
BKJIaJ] B YMEHbIIIEHUE C€0€CTOUMOCTH U3ICJIUH.

6.8. PacueTr npou3BOACTBEHHBIX MOIIIHOCTEI

[IpousBoacTBEeHHAs cUCTEMa MpPEACTaBIsIET co00i KOMIUIEKC B3auMOJEi-
CTBYIOIIMX MOJPA3JEICHN, COBMECTHO PEIlAONIUX 3aauy BBIITYCKa 3aJaHHOTO
o0beMa MPOAYKIIMU TPeOyeMOro KauecTBa B MpHUEMIIEMbIe CPOKH C MUHHUMAJIb-
HBIMU U3aepxkKkamMu. C MO3UIMI CHCTEMHOTO TI0JIX0/1a €€ MOKHO pacCMaTpUBAaTh
KaK COBOKYITHOCTh BOCHMH MTPOM3BOJICTBEHHBIX MOJACUCTEM U TPEX MOTOKOB: Ma-
TEPUATLHOTO, YHEPreTuYeckoro u uHpopmanuonHoro [147], yTto mokazaHo Ha
puc. 6.12 B Busie MHOTOCBSI3HOTO pPacKpalieHHOro oprpada.

Jlns oOmielt XapaKTepUCTUKHU MOTEHIIUATBHBIX BO3MOXXHOCTEH MPOU3BO/I-
CTBEHHOM CHCTEMBI WU €€ OTJCIBHBIX CTPYKTYPHBIX MOAPA3ACICHUI UCTIOIb3Y-
€TCSl TIOHSATHE NPOW3BOJCTBEHHOW MOIIMHOCTH, OTPAXKAIOIMIEH MaKCHUMaJIbHYIO
CIIOCOOHOCTh BBIMTYCKA TOBAPHOM MPOMYKIIMH B HATYpaJbHOM WU JCHEKHOM
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BBIPQKCHUU, OTHECEHHYIO K OTpeJieIeHHOMY nepuoay BpemeHu. Ilo xapakrepy
pacyera MpOU3BOJCTBECHHAS MOIIHOCTh MOXKET OBITh IJITAHUPYEMOW M (DaKTHUe-
CKOM. BaXxHOCTh AAaHHOTO MOKa3aTens Ui aHalu3a pe3yJibTaToB padOThl Mpea-
HOPUATHUS ONpPEAeIAeTCS BO3MOXKHOCTBIO €r0 UCIOJIb30BaHUs 111 BHYTPEHHETr0 (B
pa3IuYHbIe IEPHOIbI BpEMEHM) U BHEIIHETO (110 CPAaBHEHHUIO C aHAJOTHYHBIMH
OPEANPUATHIMH) MOHHUTOPHHIA PE3YJIbTATOB XO3SHCTBEHHOH IESITCIHHOCTH B
1LIEJISIX BBISBJIICHUS PE3EPBOB JIJIs MOBBIIMICHUS MPOU3BOIUTEIBHOCTH TPY/Ia.

V1 — TexHoJornyeckas noacucrema; Vo, — MHCTpYMEHTaJIbHAs MOJACUCTEMA;
V3 —noacucTteMa KOHTPOJI KauecTBa, V4 — CKIIajicKas HOACUCTEMA,

V5 —noacucTeMa OXpaHbl TPYJa; Vg — TpaHCIOpTHAS MOJICUCTEMA,

V7 —noacucTteMa TEXHUYECKOr0 00CTyKUBAHUSA;

Vg —noacuctema ynpasienus u OTIIII.

Puc. 6.12. Opzpagh cmpykmypot npou3e00cmeeHHOl cucmembl

Cl0XXHOCTH NMPUMEHEHHUS MMOKa3aTesl MPOU3BOICTBEHHOW MOIITHOCTH B TO-
3aKa3HOM MPOMBIIUIEHHOM MPOM3BOJICTBE CBSI3aHbI C IIMPOKOW HOMEHKIATYpPOU
BBIITYCKAE€MOM MPOAYKIIMH, KOTJa HECKOJIBKO €€ BUJOB OJHOBPEMEHHO HAXOMSTCA
B IIPOM3BO/JICTBE, MIPUUYEM YPOBEHb aBTOMATU3ALIMU MMPOU3BOACTBEHHOTO MPOIIECCA
pa3IMYaeTCs KakK Mo OTAEJIbHBIM YHUBEPCAIbHBIM TEXHOJOTHUYECKUM OTIEpPALIUsIM,
TaK U MO OTACIbHBIM M3ACIUAM. B Takux yCIOBHSIX pacueT MPOU3BOACTBEHHOU
MOIIIHOCTA B HATYpPaJbHBIX €IWHUIAX CTAHOBUTCS BEChbMa 3aTPYIHUTECIIbHBIM.
Il pacueTta mpOU3BOJCTBEHHON MOIIHOCTH B JEHEKHOM BBIPAKCHUU MTPAKTHYE-
CKH HEBO3MOJKHO BBIJICITUTH MPOGUINPYIONIYIO MPOoayKiuio. [loMruMo 3Toro meHa
AHAJIOTUYHOM TPOAYKIIMHM MOXKET IIMPOKO BAPbUPOBATHCA B TEPPUTOPHUAIBHOM
paspese.

Tem He MeHee, pacyeT W IJIAHUPOBAHHUE MPOU3BOJICTBEHHOM MOIIHOCTHU
saBasgercs BaxkHbIM dTarioM OTIIII MeOenbHBIX m3aenui. [as MUHHMMH3AIIHH
BIIUSTHUS Ha ATOT TOKAa3aTeIb OTMEUYCHHBIX BBIMIC (DAaKTOPOB IMpEIaracTcs psi
METOJIMYECKUX PEKOMEHAaIii, TPUMEHEHHE KOTOPBIX OCOOCHHO pallMOHATIBLHO B
ycnoBusax apromatusanuu TIIII.
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MartemaTndeckas MOJCIL MEOCIbHOTO H3Aenus, cPopMHUpPOBAaHHAS Ha
JTame KOHCTPYHUPOBAHUS, COJAEPKUT HEOOXOAUMYIO0 HMH(MOPMAIUIO A pacdyeTa
0a30BBIX TEXHUKO-DKOHOMHYECKHX TMOKa3aTelieid, KOTOPhIE MOTYT CIYXHTh OC-
HOBO OILIEHKH TIPOU3BOJACTBEHHON MOIIHOCTH.

[IpousBoACTBEHHAsS MOIIHOCTh MEOEIBHOTO MPEANPUATHS, PabOTaIOIIETO
B YCJIOBHUSX IM03aKa3HOTO MPOMBINIIEHHOTO MPOU3BOJICTBA, onpeaesieTcs nud-
(GepeHIMPOBaHO MO0 KaXJOW TPyIMIe KOHCTPYKTHBHO OJHOPOJHBIX BHJIOB HO-
MEHKJIATypbl MPOIYKIIMH, THNIAHUPYEMOU K BBIMTYCKY WJIM HAXOASIICHCS B TIPOU3-
BOJICTBE, B HATYypaJIbHOM U JICHS)KHOM MCUMCIICHUU. B mociennem ciydae 3a oc-
HOBY OepeTcsi ce0eCTOMMOCTh MPOIYKIIUU, paCCYMTaHHAs HA OCHOBE aBTOMATH-
3MPOBAHHOT'O HOPMHUPOBAHUS MAaTePUAIBHBIX U TPYIOBBIX 3aTpaT (6.5-6.9). [Ipu
BBHITIOJTHEHUH PACUETOB YUYUTHIBAETCS BCE UMEIOIIEECS U BBOJMMOE B dKCILTyaTa-
[IMI0 B TeUEHHE TJIAHOBOTO WJIM OTYETHOTO TIEpHOJa MPOU3BOACTBEHHOE 000pY-
JIOBaHHUE 3a HCKIIOYCHHUEM OOOpYIOBaHUS PEMOHTHBIX, HHCTPYMEHTAIbHBIX H
JIPYTUX BCTIOMOTATENbHBIX CIYKO MPEeATPHUSITHS.

B cuny muckpeTHOro xapakrepa MeOCIBHOTO MPOHM3BOACTBA 3P (HEKTHUB-
HBI (OHA BpeMeHU pabOTHl 00OPYAOBaHHS OMPENEIAETCS YUCIOM pabodux
IHEH B TO1y, K03 (HUIIMEHTOM CMEHHOCTH M ITTUTEIHHOCTHIO paboueii CMEHBI 110
dhopmyie:

T, =0 - Tt >k, - (T, - T, - T, - T,),
rae T,y —3hdexTuBHbIH GoHT BpeMeHH paboThl 000pyRoBaHus, [4dac];

T — kaneHaapHbIi GOH BpeMEeHH, [ THH] ;

T, — o011ee KOTMYECTBO BBIXOIHBIX U MPa3IHUYHBIX THEH,

t.,, — IPOJOKUTEIBHOCTh paboueli CMeHBbI, [Jac];

K., — kK03 puIIeHTOM CMEHHOCTH;

T,np — BpEMsl, 3aTpau€HHOE HA MPOBEJCHUE IIAHOBO-NIPO(MHIAKTUUECKHX Pe-
MOHTHBIX padorT, [4ac];

T,., — BpeMsi COOCTBEHHBIX HPOCTOEB 00OpymoBaHUS (CMEHA MHCTPYMEHTA,
oOHapyXeHHE U YCTpaHEHUE OTKA30B, OYMCTKA 00OPYIOBaHHS U T.n.),
[dac];

T, —BpeMs IPOCTOEB IO OPraHU3aANMOHHO-TEXHHUYECKUM MPUIHHAM (OTCYT-
CTBHE 3aTOTOBOK, cOOM B TI0/1aue 3JIEKTPOIHEPTUH, IPOCTOU MO CYyOBEK-
TUBHBIM IPUYMHAM H T.J.), [4ac];

T, — BpeMs IPOCTOEB I TIepeHaNa ki 000pyaoBanus (3aMeHa HHCTPYMEH-
Ta WIN TEXHOJOTHYECKONW OCHACTKM, BBOJ HOBOW YIPaBISAIOIICH Mpo-
rpaMMBbI | T.1.), [dac].

ITokasarens T, 11 CPEIHETO U KAIUTAILHOTO PEMOHTOB 00OPYIOBaHUsA
OTIpeIeNSIETCS B COOTBETCTBUM C JCUCTBYIONIUMH HOPMAaTUBAMH, a JJIsS TPOBE-
JCHUSI TEXHUYECKOTO OOCTYKMBaHUS M MPOPHUIAKTHISCKUX pabOT — pacueTHO-
TEXHUYECKUMH HOPMaMH MPOU3BOIUTEILHOCTH 000pynoBanus. OcTalbHbBIE TMO-
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Ka3aTely MPOCTOEB 000PYI0BaHUS YUUTHIBAIOTCA JINOO YEPE3 COOTBETCTBYIOLINE
6e3pa3MepHbie K03 (PUIMEHTHI, TUOO0 Yepe3 BHEIMKIOBBIE TOTEpU — MOTEpPHU
BPEMEHH, OTHECEHHbIE K €IMHUIE BBIMYIIEHHOW MPOAyKIMu. B oboux cinydasx
WX 3HA4YE€HUS SBIAIOTCA CIyYalHBIMU BEJIWYMHAMHM, A, CIEIO0BATEIIbHO, JOCTO-
BEPHOCTh ONpEEsAeTCs] MPOJ0KUTENbHOCThIO TPOU3BOICTBEHHOI'O HAOIIOE-
HUSL.

[Ipon3BoACTBEHHAs] MOIIHOCTh MEOEIBHOTO MPEANPUATUS B HATYPATbHOM
WCYHCJICHUH MOKET OBITh paccuuTaHa 1o Gpopmye:

M=3aaQ, =, (6.10)
i
rie M — npou3BOJICTBEHHAS MOIIHOCTh B HATYpPaIbHBIX eIUHUIAX, [1IT];
| — WHIEKC BUJA TPOAYKIIHH;
] —uHIeKc BuIa 000pyaOBaHNUS;
Qi j — IPOU3BOAUTEIBHOCT €JUHULIBI 000pyROBaHus, [mT/4ac];
T, — opdexruBrbli HOHA BpeMeHH PaGOTHI €IMHULBI 0OOPYIOBAHHSA 3a
pacyeTHbIN mepuo, [yacl;
Njj — KOJIMYECTBO €IMHULl 000PyI0BaHHUA.

JIisi CpaBHUTENBHOI'O aHalih3a dKOHOMHUYECKUX XapaKTEepPUCTUK MeOelb-
HBIX NpPEeANpPUATUH, pabOTAIOMIMX B YCIOBUAX MO3aKa3HOTO MPOMBIILICHHOTO
MPOU3BOJICTBA, MOXET ObITh MCIOJb30BAH MOKa3aTelb, OCHOBAHHBII HAa MUKPO-
HYKOHOMHUYECKOM TOHSITHH TPaHHIIBI MPOM3BOJACTBEHHBIX BO3MOXKHOCTEH [147].
YacTe MCXONHBIX JAHHBIX JUIsl €r0 pacyeTa TakKe alpuOpPHO 3aKJIaJIbIBACTCS B
MatemaTndeckyro moaenb KMUA Ha stanie KOHCTpYUPOBAaHUS U OMPENEIISETCS B
npouecce apromaruzupoBanHou TIIII, kak m mpu pacyere NMpoOU3BOACTBEHHOU
MOUTHOCTH.

I'panuna npou3BoaCTBeHHBIX Bo3MoxkHOocTel (['TIB) mpeacrasmseT coboit
KPUBYIO B N-MEPHOM MPOCTPAHCTBE, KaxJas TOUKa KOTOPOH ompeessieT o0bemM
BBIITYCKAa MPOAYKIMU MPHU MOJTHOM HCIOJIb30BAaHUM MPOU3BOJICTBEHHBIX PECYp-
coB. Pa3MepHOCTh MPOCTPAaHCTBA COOTBETCTBYET KOJIMYECTBY €IUHMI] HOMEHK-
JATypbl BBITYCKAEMbIX M3Aenuil. g yMEeHbIIEHUS pa3MEPHOCTH MPOCTPAHCTBA
U ONpeJeieHus TPaHUIbl MPOU3BOJACTBEHHBIX BO3MOXKHOCTEH Ie1ecoo0pa3Ho
MPOBECTH  KOHIEHTPAIMIO  M3ACIMA MO  TPU3HAKYy  (YHKIMOHAJIHHO-
KOHCTPYKTHUBHOTO mono6us. [Ipumep COOTBETCTBYIOIIEH KpPUBOW MAJsl Ciydas
TpeX BHUJIOB U3JCNINiA IPUBEICH Ha puC. 6.13.

ITo cBoeil cyTH TpaHHIla MPOU3BOJICTBEHHBIX BO3MOXKHOCTEU OMpPEAeIsIeT
MUKOBYIO MPOU3BOJCTBEHHYIO MOIIIHOCTD MPEANPUATUS. DTOT MOKa3aTelb UMEET
JIBA OCHOBHBIX JIOCTOMHCTBA IO CPAaBHEHUIO C MPOU3BOJICTBEHHON MOUIHOCTHIO,
onpenensemoii mo dopmyne (6.10), — mMaTemMaTHYecKas OJHO3HAYHOCTh, Kak
CIEACTBUE pacyeTa B YCIOBUSIX MAaKCHMaJbHOTO HCIOJb30BAHUS PECYPCOB
MpEANPUATUS, 1 HE3aBUCUMOCTh OT CyOBEKTUBHOTO MOHATHUS 1IeHbl. OJJHAKO eMy
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MPUCYIIA BCE HEJAOCTATKH TOKa3aTeNis MPOWU3BOJCTBEHHOW MOIIHOCTH, OTME-
YCHHBIC BBIIIIE.

JIro0ast Touka, nexamnas BHyTpU 00beMa, OUEPUECHHOTO0 TPAaHUIEH Mpou3-
BOJICTBEHHBIX BO3MO>KHOCTEH, COOTBETCTBYET BBINTYCKY MPOAYKIIUUA B KOHKPET-
HBIX MPOM3BOJCTBCHHBIX YCIOBUSX (TOYKAa TEKyIIero BbIMycka). Jlyd, mpose-
JCHHBIA W3 Hadaja CUCTEMBbl KOOPIMHAT Yepe3 BHIOPAHHYIO TOUKY yKa3aHHOTO
npoctpancTBa a0 nepeceduenus ¢ ['TIB, maer Touky, onpeaensionlyro MakcH-
MaJbHBI 00BbEM BBIMYCKA MPOAYKIIMU TPHU HEU3MEHHOU CTPYKTYpe acCOopTH-
MeHTa (TOYKa MaKCUMalbHOTO BhIMycka). CoOTBETCTBEHHO, YacTh [ TIB, BBIpe-
3aemasl TUIOCKOCTSIMH, MapaieJbHBIMU KOOPAMHATHBIM TUIOCKOCTAM M TPOXO-
ISAIIMMHE 9epe3 BBIOPaHHYIO TOYKY, OMpENeNisieT BO3MOJKHBIE BapHUAaHTHI MOBHI-
nieHus 00bEMOB BBIITYCKa MPOIYKIIUU 32 CUET U3MEHEHHUs CTPYKTYPBI acCOPTH-
MEHTa TIPU COXPaHEHUHU MTPOU3BOJACTBEHHON CUTYAIIHH.

A_ KowmmroTepHele
CTOJBI

IIpuxosme

Puc. 6.13. I'panuya npou3ze00cmeeHHbIX 603MOHCHOCMEI 0711 MPEX 6UO08 U30E UL

OTHOIICHUE MPOCKIMU TOYKU TEeKyIllero Beimycka (A) Ha I-yiO KOOpIH-
HATHYIO OCh K TIPOCKIIMHM TOYKH MaKCHMaJbHOTO BhIycka (B) Ha Ty ke och om-
pelenseT OJII0 3arpy3Kd MPOU3BOJICTBEHHOTO 00OPYIOBAHUS |i-bIM BUIOM IIPO-
OYKIUH B YCIOBUSAX HEU3MEHHOU CTPYKTYpPhI aCCOPTUMEHTA!
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s =PA (6.11)
np,B

JlaHHBI TOKa3aTenb, HAPSIAY C MPOU3BOJICTBEHHOM MOIIHOCTBIO, MOYKET
WCIIOJIB30BAThCA ISl CPABHUTEIBHOTO aHaim3a 3(PQPEeKTUBHOCTH padOTHl Me-
OCJIbHOTO TPENPUSATHS B pa3MYHble MEPUOAbl BPEMEHU WM OTHOCUTEIHHO
OPYTUX NPEITPUATHN.

[Ipobaemoii, MpensITCTBYIOUIEH MCIONb30BAHUIO MOKA3aTENsA 0, SIBISETCS
CJIIO’KHOCTh MOCTPOEHHUS MOBEPXHOCTH B MHOTOMEPHOM MIpocTpaHCTBE. OHAKO
cnenuuKa Mo3aKa3HOTO MPOMBIIIIEHHOTO MPOU3BOACTBA M P JOMYIICHHH,
HE3HAYUTENBHO YMEHBIIAIOIIUX TOYHOCTh PACyYETOB, MO3BOJISIOT aIPOKCUMU-
poBath ['TIB yyacTkamMu JBYMEPHBIX IIJIOCKOCTEN.

[Ipon3BOACTBEHHBIN MUK MEOETBHOIO M3JEIUsl BKIIOYAET B ce0sd OTHO-
CUTEJILHO HEOOJbIIOE KOJNYECTBO ONEpaluid, a, CJIeI0BATENbHO, U TPOU3BOACT-
BEHHOT0 00opyoBaHus. MoxHO cuntath, uto TII mzrotosnenus KMUA B yk-
PYIHEHHOM BHJE MPEACTaBIs€T COOOM MOCIEAOBATEIBHOCTh CIEAYIOIIMX OIle-
panuu:

pacnuiIOBKa HAa NPSMOYTOJIbHBIE 3arOTOBKH;
¢dbopMooOpazoBaHKe CIOKHBIX TOBEPXHOCTEH;
00JIMIIOBKA KPOMOK;

bpe3epHO-TIprcaOYHbIE OTIEPALIUH.

be3 orpannyenus oOLIHOCTH MOAXOJA MOXHO MPHUHSATH TE3UC O TOM, YTO
TII M3roTOBNEHUS KaXKAOTO U3ACIUSA MPEANOIAracT HaTuyue Oonepanui, BbIIo-
HAEMBIX Ha BCEX €AMHHUIAX 000pYyJAOBaHHUS, a TAKXKE O TOM, YTO BO3MOXKHOCTH
o00opy/0oBaHUs WHBApUAHTHl K BbIMycKaeMoill HoMeHkiarype. I[lomumo 3toro
MOX@HO CYWTATh, YTO HA OCHOBAaHUM M3BECTHOM TPYAOEMKOCTH H3TOTOBIICHUS
uznenus (6.5) u npousBoUTETLHOCTH 000PYIOBAHMS, BCET/Ia MOKHO MOJIYIHUTh
MOKa3aTelM MaKCUMaJIbHOW IITYYHOW MPOU3BOJUTEIIBHOCTH J000ro Thia 000-
PYAOBaHMS IO OTHOLICHWIO K KOHKPETHOMY BUAY mpoaykuuu. [locnennee pno-
MyIIEHUE COCTOUT B TOM, YTO BpeMsi COOCTBEHHBIX MPOCTOEB O0OpYIOBaHMS,
MPOCTOEB 0 OPraHU3AUMOHHO-TEXHUYECKUM IPUYMHAM U IPOCTOEB JJI Iepe-
HaJaJK1d HEM3MEPUMO MaJibl IO CPABHEHHIO ¢ pa0OYMM BPEMEHEM.

B pamkax npunHsaTeIx npenanonoxxenui, I'TIB kaxaoro snemeHTa o0opyio-
BaHUs OyJAeT MpeAcTaBIsATh cOO0M N-MEPHYIO IUIOCKOCTh, NMEPECEKAIOLyI0 OCH
KOOpJMHAT B TOYKAX, COOTBETCTBYIOIIMX €T0 MAaKCUMaJIbHOW MPOU3BOAUTEIBHO-
CTH 110 OTHOWIIEHUIO K BUAY IPOAYKIINH, ONPEAEIIEMOTO TaHHOM OCho. ['paHnia
00JaCcTH MUHUMAJILHOTO 00BbEMa, 3aKIFOUEHHON MEXy MOCTPOEHHBIMH U KOOP-
JUHATHBIMHU TUIOCKOCTSIMM, OYyJeT MpEeNCTaBiIsATh COOOM MpUONIMKEHHOE 3Haye-
nue ['TIB npeanpustus. Puc. 6.14 unmrocTpupyeT CKazaHHOE IS CJIydas BbI-
MyCcKa TPeX BUIOB U3/IeJIUs Ha TPEX dJIeMEHTax 000pyAOBaHUS.
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Puc. 6.14. Annpokcumayusn kpueou I'TIB

['TIB B ycrmoBUsX MPUHATHIX OTPAHUYECHUIN OMUCHIBACTCSA JIMHEWMHOW 3aBH-
CUMOCTBIO OT 00beMa BBITTyCKa MPOIYKIIMN BHUIA:

y X
a—-=1, (6.12)
=1 X
rae N — KoJTM4ecTBO BBITyCKaeMOW TPOYKITUHY;
Xj — 00beM BBINIyCKa I-T'0 BHJIa IPOTYKIIUH;
Xiaxi — MAKCUMaJIbHO BO3MOXHBIA 00BEM BBIITYCKa 1-T0 BUJIA TIPOIYKITHH.
C apyroii ctoponsl, u3 popmyinsl (6.11) caenyer:
N N
X
s=3s,=a —. (6.13)
i=1 i=1 K |
CrnemoBaTelbHO, TIPU MAaKCHUMAJILHOU 3arpy3ke obopynoBanus (o=1) Tod-
Ka, COOTBETCTBYIOIAsA JaHHOMY 00beMy BbIycka Oyaer mpunamiexats [TIB
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npeanpusatus. TakuMm oOpa3oM, ONpPEeIuB A0 3arpy3KH KaKIOro 3JIE€MEHTa
000pyI0BaHUsA, MOKHO ONPEACIIUTH JIOJIIO 3arpy3KH BCEro 000pyIOBaHUs, KOTO-
pasi, OUEBUAHO, OyJIET COBMAAATh C J0JE€H MAKCUMAIIbHO 3arpy>KEHHOI'O 3JIEMEH-
Ta.

PaccMoTpeHHble MOAXOABI K pacueTy MPOU3BOACTBEHHON MOIIHOCTH
NpEeANpUsATHs,, HECMOTPSI Ha HalW4yue pPsija YCIOBHM U OTpaHUYECHUM, BIOJIHE
MPUMEHUMBI I MHOTUX MEOEJbHBIX MPEeINpUsATUI, padOTaIOMUX B YCIOBHUIX
M03aKa3HOTO MPOMBIIIUIEHHOTO MPOU3BOJICTBA.

Takum o6paszowm, Beicokas d3pdextuBHOCT ACTIIII n3aenuii Ha mpuHIHU-
nax koHnenmuu bOIIII onpenensercs caeayOIMMU OCHOBHBIMH (PaKTOpamHu:

- yacte onepauuit TIIII MoxxeT ObITh MepeHeceHa Ha ATall KOHCTPYHUPO-
BaHMS, MMEIOIIUN Oojiee BHICOKUU YpOBEHb a0CTparupoBaHusi, 4YTO IMO-
3BOJISIET UCKIIOUUTH Pl CYOBEKTUBHBIX OLIMOOK 0 Mepexojia K TEXHO-
JIOTUYECKOMY MTPOEKTHUPOBAHUIO;

- artan TIII MoxeT onepupoBaTh MPAKTUYECKH BCEM MHCTPYMEHTapUEM
T€OMETPUYECKOT0 MOJCIUPOBAHUSA;

- HCIOJIb30BAHUE ACCOLUATUBHOU CBSI3U «T€OMETPUSI-TEXHOJIOT US> .
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I'JIABA 7
NHO®OPMALINOHHASA UTHOPACTPYKTYPA
MEBEJIBHOT' O ITPEAIIPUATUSA U 3AJTAYA

OOPMUPOBAHUA EAMHOT'O UH®POPMALIMOHHOI'O
INPOCTPAHCTBA B YCJIOBUSAX ITO3AKA3HOI'O
MHNPOMBIILIJVIEHHOI'O ITIPOU3BO/JACTBA

CwmeHa cylecTByIOEe MTPOU3BOACTBEHHON apagurMbl, 3aKII0YAOIIAACS
B Iepexojie K M03aKa3HOMY MPOMBIILUIEHHOMY Mpou3BoAcTBY KMUA, 006s3biBa-
€T yYUTHIBATh CHEIU(UKY TOCIEIHEr0, B TOM YHUCIE - H3MEHUBIIYIOCS CTPYK-
Typy UHGOPMAIMOHHBIX OTHOIICHUH M BO3POCIIYyI0 MHTEHCUBHOCTh MH(pOpMa-
LIMOHHBIX OOMEHOB. B 3THX yCIOBUSAX pelIeHHE 3a/Jauid KOMILJIEKCHON aBTOMAaTH-
3alMu MeOENbHOTO TPEANPHUATHS HEBO3MOXKHO 0e3 3(()EeKTUBHON peanu3aluu
ero nHMGOPMAITMOHHOW HHPPACTPYKTYPHI.

CoBpeMeHHOE MPOU3BOICTBO, BHE 3aBUCMMOCTH OT OTPACJIEBOM MPUHAIIIEXK-
HOCTH, TIPEIOJIaraeT COrjJacoBaHHYIO paboTy BCeX CIy:k0 U mozpaszaenenuil. Ha me-
OCNBHBIX TIPEANPUATHSIX T JIOKATLHON aBTOMATU3AIMU Pa0OThI OTACIBHBIX CIYKO0 1
MOJPA3JEIIEHU MOYKHO CUMTATh 3aBEPIICHHBIM, BCICICTBHE YErO JAIbHEUIIEE MOBbI-
[IeHUE YKOHOMUYECKOH d(D(HEKTUBHOCTH OM3HEC-TIPOIIECCOB BO3MOKHO TOJIBKO B YCJIO-
BUSIX KOMIUIEKCHOW aBTOMATH3AlMM, OXBATBIBAOLIEH BCE ATAIlbl KU3HEHHOTO IMKIIA
W3JICTMI B paMKaX eIMHOro nHpopMarrorHoro npocrpanctsa (ENIT).

Ucroprueckn mnpoueccel KTIII m ynpasnenus Ha npeanpuATHAX peans3o-
BBIBAJIUCH Ha TUIaThopMax pasiUuHbIX aBTOMATH3UPOBAHHBIX CUCTEM, 3a4acTyO CTH-
XUWHO, KOTJa KaXJ10€ MOAPA3ICIICHUE PEIIajo CBOU 3aa4M, UCXO U3 YACTHBIX
KPUTEPUEB, B OTCYTCTBUE CUCTEMHOTO aHAJIN3a CYIIECTBYIOIINX U MEPCIEKTUB-
HBbIX OM3HEc-TpolieccoB. B pe3ynbTaTe, HECMOTPS HA 3HAYUTEIBHOE MOBBIIICHUE
MPOU3BOAUTENHFHOCTH TPyAa Ha OTAeNbHBIX yuacTkax JKI[U, obmas s dexTs-
HOCTh 00pPa0OTKM KOHCTPYKTOPCKOM, TE€XHOJIOTHMYECKOMN, MPOU3BOJACTBEHHOU U
HPKOHOMHUYECKON MH(pOpMaIMN Ha TPEANpUATUHA yBEIMYUBAIach He Oojee uem
Ha 15...20 %. Takoii moka3aTenb HEMpHUEMIIEM IS PeHWHXKMHUPHUHTA OWU3HEC-
MIPOLECCOB B HANIPABJICHUN OPraHU3allMU MMO3aKa3HOTO MPOMBIIUIEHHOIO IPOU3-
BojcTBa. TeM He MeHee, 3agada GopmupoBanus EWII eme He oco3nana 60b-
IIMHCTBOM PYKOBOJUTENEH MEOENbHBIX NPEANPUATUN B KauecTBE BaKHEWIIei
COCTaBJISAIOUIEH PEMHKUHUPHUHTA OM3HEC-TIPOLIECCOB.

VYcenenmsas npou3BOACTBEHHAs NESITEIBHOCTh TPeOyeT HalWuMs CUCTEMbl WUH-
(hopMaIoHHOro o0ecriedeH s sl OPraHN3aIii B3aMMOICHCTBHS U COTTIACOBAHHOM
paboTHI BceX CITY»KO0 U TofpasaesieHui. [ TaBHast 11e71b 3TOM CUCTEMBI - 00eCTIeUrTh pe-
HICHUE CIIETYOIINX IBYX OCHOBHBIX 33/1a4:
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- JUKBHAANMS WH()OpPMAIMOHHBIX OaphepoB, allPUOPHO CYIIECTBYIOIIUX
MEX]y KOHCTPYKTOPCKUMH, TEXHOJIOTHUYECKUMU U MPOU3BOJICTBEHHBI-
MU YPOBHSAMU MPEANPUATHS, KaK MPUUUHBI OJOKUPOBKH U 1yOIUpoOBa-
HUS 3HAYUTEIbHBIX 0OBEMOB JJAHHBIX, a TAKXKE CHUKEHHUS ONEepPaTHUBHO-
CTHU pealin3aliy YIPaBICHUYECKUX BO3JAEHCTBUN;

- ToBbIIeHHE dPPEKTUBHOCTH PAOOTHI KaXXKIOTO YPOBHS M MEXKYpPOBHE-
BOr0 B3aMMOJICUCTBHUS 3a CUYET COKpAIIECHUS 3aTpaT PECypcoOB Ha BbI-
MOJIHEHHE WH(OPMAIIMOHHBIX 3aIIPOCOB.

Ucxons u3 aroro, ENII peanuzyer napagurMy JOCTYITHOCTH HEOOXOAMMOM HH-
dopMary 1 HATMUUsT UHOOPMAIOHHBIX MHTEP(EHCOB MEX Ty MPUIOKESHUIMHU C T1e-
7610 POpMHUPOBAHUSI OOBEKTUBHOW OILIEHKHM TPOW3BOICTBEHHOM NESTEIIHFHOCTU TpeN-
NPUSTUS B peKUME, OTM3KOM K pEXKUMY pEalTbHOrO BPEMEHH, U IIPUHSITUS HA €€ OCHOBE
ONTUMAITLHBIX TIPOU3BOJICTBEHHBIX U YIIPABJICHYECKUX PEILICHUH.

C Touku 3penms 3amaun GopmupoBanus EWIT npemnpustus MeOeabHOM Tpo-
MBIIUIEHHOCTH UMEIOT Psifi CYIIECTBEHHBIX OCOOEHHOCTEM, OOYCIIOBJIEHHBIX KaK Crie-
1prKol TpeIMETHOM 001aCTH, TaK ¥ UICTOPUYECKUMH (haKTOpPaMH, 2 IMEHHO:

- Me0enb TpeAcTaBIsieT coOOM XyN0KECTBEHHO-TEXHMYECKOE W3ZAene, Npu

MPOEKTUPOBAHUM KOTOPOTO MPAKTUYECKU HEBO3MOXKHO PA3JICTUTh XYI0KECT-
BCHHBIC (IM3aliHEPCKHE) U KOHCTPYKTOPCKO-TEXHOJIOTMUECKUE ACTICKTHI WITH
BBICTPOUTH (DOPMAITEHYIO CHCTEMY IPHOPUTETOB MX JCHCTBUS,

- B YCJIOBMSIX KOHKYPEHIIMM Ha MEOETbHOM PBIHKE, OCOOEHHO YCHIIMBILIEHCS
BCJIC/ICTBHE PACTYILEW SKCIIAHCHU CO CTOPOHBI IPOU3BOJIUTENEH U3 OJIMKHETO
U JadbHEr0 3apyoexkbs, B MPOMU3BOJICTBEHHOM mporpamMMe OOJIBIIIMHCTBA
NPEANPUATHIA, HE3aBUCHMO OT €€ O0ObEMa, 3HAUMTEIbHO YBEJIMYMBACTCS
YIIENbHBIN BEC MPOAYKIMH, BBITYCKAEMOM IO TEXHOJIOTMH ITO3AKA3HOTO MPO-
MBIIUIEHHOTO MPOU3BOICTBA;

- OTCYTCTBUE B HACTOSIIEE BPEMsSI OTPACIEBBIX HAYUHO-HCCIICIOBATENBCKUX U
MPOEKTHO-KOHCTPYKTOPCKUX OPraHU3AlMi TUKTYeT HEOOXOAUMOCTh BBIMOJI-
HEHUS TIPEIIPOEKTHBIX UCCIIEAOBAHUI U KOHIETITYATbHBIX Pa3padOTOK B pam-
Kax TpeanpusTys;

- MPOUW3BOJCTBCHHAS 0a3a OOJIBIIMHCTBA MPEITPUATHA MOPATIHHO U (DH3HUYCCKU

ycTapesna 1 TpeOyeT KOPEeHHOrO U3MEHEHHUS ITyTeM BKJIFOUEHHSI B CBOM COCTaB
HOBBIX TEXHOJIOTMYECKHUX JIMHUM M YYaCTKOB C BBICOKMM YPOBHEM aBTOMATH-
3aLuy,

- Ha MOJABILIIONIEM OOJBIIMHCTBE MEOETBbHBIX MPEANPUATAN 330aul JIOKAIIb-

HOW aBTOMATW3allMU PEIICHBl Ha TUIaThopMe CIEIUATN3UPOBAHHBIX CHCTEM
OTEUECTBEHHOM pa3pabOTKU.

[lo >TMM mpUYMHAM METOIBI M pPEIIeHUs MpodiieM MH(GOPMATU3ALNH, TIPUMe-

HSIEMbIE B JPYTHX OTPACISAX MPOMBIIUIEHHOCTH, HEJIb3s1 HEMOCPEICTBEHHO SKCTparo-
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JMPOBaTh Ha MEOENIbHYIO OTpacib. Tpelyercs: pa3paboTka HOBBIX TOAXOIOB, B MOTHOM
MeEpe YUUTBIBAIOIINX €€ CIICIU(HUKY.

7.1. O0mas xapakTepucTHKA HH(POPMANMOHHBIX OTOKOB
M03aKA3HOT0 MPOMBIILJIEHHOTO NPOU3BOACTBA

Oco0eHHOCTBIO MM03aKa3HOTO MPOMBIIINIEHHOTO MPOU3BOJICTBA, HETIOCPE-
CTBEHHO BIIHSIONICH Ha (POPMHpOBAHHE U CTPYKTYpY HMH(DOPMAITMOHHBIX ITOTO-
KOB, SIBJSICTCS TPSIMOE BKJIIOUCHHE MOTpeOuTens Ha HadaiabHOM dTare KL B
KadecTBE MCTOYHHKA MEPBUYHON HMH(OpMAIuu. DTO SBISICTCS OMPEACIISIONIM
MTOCTYJIATOM JTAaHHOTO THITA TIPOM3BOJICTBA W HE 3aBUCHUT OT Pa3MepoB, CTPYKTY-
pBI ¥ IPOM3BOJICTBEHHON ITPOrpaMMbl KOHKPETHOTO mpeanpusatus. OTcroaa cie-
IyeT HE0OXOIMMOCTh MaKCHMAJbHOTO PaCIIMPEHUS HOMEHKIATyphl H3ICIHH,
paboThI B Pa3IMYHBIX CTHJICBBIX W IBETO-(DAKTYPHBIX HAIPaBICHHSIX, YBEIHUUE-
HUS acCCOPTUMEHTA HCIIOIb3YyeMbIX MAaTePHAIOB U (PYpPHHUTYPHI, YCIOXHEHUS
KOHCTPYKITUW HW3JCJIHH, IMOBBIIICHUS Ka4eCTBA M3TOTOBIICHUS, MPEI0CTABICHUS
IMIMPOKOTO CTIEKTPa CEPBUCHBIX YCayT. [1o 3TM nmpudmHaMm o0beM uHpOpManuy,
MoJJIeKAIIeH OCMBICJIICHHIO, TTepepaboTKe U YIpaBIEHUIO, BO3PACTAET B TEOMET-
PUYCCKOU MPOTPECCHUU.

OO6mas cTpykTypa HHPOPMAITMOHHBIX TOTOKOB MEOSIBHOTO TIPETPUITHS
B YCIIOBHSIX 1T03aKa3HOTO MIPOU3BOJICTBA MOXKET OBITh MPECTABICHA OPUCHTHPO-
BaHHBIM IHUKINYCCKUM rpadom, mokazaHHeIM Ha puc. /.1. Jlanubeii rpad Ha-
TISITHO AEMOHCTPUPYET TOT (GakT, 9To i 3hPeKkTuBHON pabOThl MeOECITBHOTO
MPEANPUATHS B YCIOBUSAX OTPAHMYCHHOCTH BPEMEHH Ha BBITIOJHCHHE 3aKa3a
HE0OXOIMMa BBICOKAsl CTENICHb MH(MOPMAIMOHHONW COBMECTHMOCTH BCEX CTPYK-
TYPHBIX ITOJIpa3/IcICHHM.

Fonctpyupopanue

Fy

TexHomoridecKas
IooroToBRE

" 5 N
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IIpuem zarazor >< ~ IpouseopcTeo
Ld
.

w

BT H
MapKETHHT

CuabmeHHe
H CENag

w

SEOHOMHEA
H HHAHCH

Puc.7.1l. Hughopmayuonnsie nomoku 6 yciosusax no3aKaznozo npou3eo00cmea
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CopepikaTebHas XapakTepUCTHKAa MH(pOpMaLKK, KOTOpas MpeacTaBicHa
BepIIMHAMU Tpada, CICAYIOmas:

npuem 3aka3za. QyHKIIMOHAIbHBIC, IIBETOBbIC U (DAaKTypHBIC pCIICHHUS,
MaTepHalibl, B TOM YHCJIC ICKOPATHBHBIC penieHus (acaaoB, CTaHIaAPT-
HbIE€, TUIOBbIE M YHUKaJIbHBIE cocTaBiaonme KMUA, nexkopatuBHbIE
3JIEMEHTHI M QypHUTYpA, BUPTyadbHAsl MOJIC]Ib HHTEphepa MMOMCIICHHUS,
npeaBapuTesibHAs KaJbKYJISIIUS CTOMMOCTH 3aKa3a, JOKYMEHTHI s
oopMIICHHUS JTIOTOBOpPA C 3aKa34MKOM M Tepelaun 3aKaza B MPOU3BOI-
CTBO,

Ou3aiiH. KOHIIENITYaJbHbIE U CTUJIEBBIC PEIICHUS, NEPCIECKTUBHBIE Ma-
TepHUaJbl, TEXHOJOTUU U (QYpPHUTYpaA, JIEMEHTHI IeKOpa U3ICIUi U UH-
Tepbepa, SJEKTPOHHBIE KaTAJIOTH HOBBIX U3]ICJINH;

Koncmpyupoeanue. matematnueckue moaenun KMUA, kak peanusanus
KOHIENTYyaJIbHBIX JTU3aMHEPCKUX Pa3pabOTOK, COOPOUYHBIE UYEPTEKH HU3-
Jeauit 1 pabovre YepTEKH OTICIbHBIX JAeTalied, Crienn(UKAIIUH;
MexXHO102uUecKas no020moeKa. KadyeCTBEHHAs U KOJMYECTBEHHAas
OLICHKA TEXHOJOTMYHOCTH W3JICIUNA, MAPUIPYTHBIE WU MapLIPyTHO-
onepanuonHbie  TII, kapThl ONTUMAIBHOTO PacKpos MaTepHajoB,
yhpaBisione nporpammsl i ctaHnkoB ¢ UITY u oOGpabatsiBaromux
LIEHTPOB; JOKYMEHTAllMsl HAa TEXHOJIOTMYECKYH) OCHACTKY U H3MEpH-
TeJIbHBIC YCTPOMCTBA, CXEMbI COOPKH U YIIAKOBKU U3ICIIUH;

cObim u mapkemune. 10roBopa ¢ 3aKa34YMKaMH, JaHHBIE O MO3TAMTHOM
MPOXOXKJACHUM 3aKasa, MEepPBUYHAsI MPOU3BOJACTBEHHAS JOKYMEHTAIUs,
3JIEKTPOHHBIC KATaJOTX U3AEINMN, MAPKETUHT MEPCIEKTUBHBIX MOJEIIEH,
aHAIUTUYECKHUE 0030pbI MO pe3yibTaTaM HCCIIeAOBAaHUN MOTPEOUTEIb-
CKOTO CIIpOCca Ha peaiu3yeMyro U MOTPEOHYIO TPOIYKIIHIO;

IKOHOMUKA U (puHaHCbl. MaTepUAIIbHBIE U TPYJIOBBIE 3aTPaThl HA U3TO-
TOBJICHUE, CE0ECTOMMOCTh U HaKJaJIHbIe PACcXO/ibl, TPOU3BOJICTBECHHBIC
IJIaHbl, TpaUKH TOCTaBKU W JBKCHHUS MATEPHAIOB U KOMIUIEKTYIO-
IIMX, 3arpy3ka oOOpyJ0BaHUs, IPOXOXKJICHHE 3aKa3a, SKOHOMHUKO-
CTaTUCTUYECKash OTYETHOCTh, JAHHBIE OYXTJITEPCKOTO y4deTa, aHaAJIUTH-
yeckas MH(pOpMaIus O MPOU3BOJAMTEILHOCTA U PEHTA0CITBHOCTH TIPO-
U3BOJCTBA;

CHAOMceHUue u CK1aod. yYEeTHbIE TAaHHBIE O MaTepuaiaX U KOMIUIEKTYIO-
IIMX, IPOrHO3bl MOTPEOHOCTEM, 3aKYIIOYHBIE U MTPUEMO-CAATOYHBIE JI0-
KYMEHTBI, TICPBUYHBIC IaHHBIC JUIS yIpaBJIEHYECKOTO, (UHAHCOBO-
SKOHOMHYECKOTO U OyXTaJdTEepCKOTO y4eTa;
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- NpPOU3600CcME0. CMEHHBIE 3alaHHs JUIsl IPOU3BOJICTBEHHBIX yYaCTKOB,
OTYETHBIE JOKYMEHTHI O 3arpy3ke 0OOpyJIOBaHMS U BBIIIOJHEHHBIX pa-
0oTax.

3aBUCUMOCTh TpPEACTaBICHHON HHPOPMAIMOHHON HHPPACTPYKTYPHI OT
cnenu@uKy, TPUCYIIed KOHKPETHOMY NPEANPHUATHIO, MPOSIBISETCS TOJBKO B
M3MEHEHUH O0BEMOB IUPKYJIUPYIOIMUX JAHHBIX U PacIpeleseHUd UX IO Bep-
mmHaM rpada. Hanpumep, TeppuTopHalbHO pacmpeneieHHas ceTh MeOeIbHbIX
CaJIOHOB KPYMHOTO MPEANpHUsTHs, OPUCHTUPYIOIIETOCS Ha TPYyIIbl moTpedure-
Jied, He BHOCHUT JaHHBIX 00 MHAMBUIYATbHBIX YHUKAIbHBIX COCTABISIOMIMX Me-
OenbHBIX aHCaMOJel B 00IMiA HHGOPMAIIMOHHBIN MOTOK. B TO ke Bpems, Ha He-
OONBIIMX MPEANPUATHIX 3ala4d KOHCTPYUPOBAHUSA U TEXHOJOTMYECKOW IMOJro-
TOBKHM TMPOMU3BOJACTBA MOTYT PEIIATHCS B paMKax €AUHOTO CTPYKTYPHOIO MOJI-
pasneneHus. B mobom ciydae sapom HHGOPMAITMOHHOW MHPPACTPYKTYphI Me-
0eJIbHOTO MpeANnpUsATUs JOJKHA cTaTh KoMmIuiekcHass CAIIP HoBoro mokosieHus,
KaK MCTOYHUK (HOPMHUPOBAHUS MATEeMATHUYECKUX MOJEJeH W3AeNUid — OCHOBBI
apromatuzanuu Bcero XK.

VYBenuueHne WHTEHCUBHOCTH WH(OpPMAIMOHHOTO Tpaduka MpH yBeIude-
HUU YJIETBHOTO Beca M03aKa3HOr0 MPOMBIIUIEHHOTO MPOU3BOJCTBA Ha MeOesb-
HOM TIPEANPHUATAU OIpPEIeNIeTCs BO3pACTAIOIIUM pPa3HOOOpa3ueM TOBApOB H
YBEITUYCHUEM KOJUYECTBA TOUEK MOJYYCHUs MUCXOAHOW mH(popmainuu. MHOXe-
CTBO JaHHBIX, MOPOXKJIECHHBIX COBOKYMHOCTBHIO 3aKa30B, HEOOXOIUMO OINEpaTUB-
HO 00paloTaTh, paclpeAesiuTh MO KiacTepaM U MPOKOHTPOJIUPOBATH IO BCEM
JTanaM, Ha4uHasg OT MOMEHTa BO3HUKHOBEHHUS M 3aKaHYMBasi pabOYMMU MECTa-
MU Ha TPOU3BOJICTBE M MOHTA)XOM Yy 3aKa3uuka. B ympaBnenun >3tuiMu uHdOp-
MAallMOHHBIMHU TMOTOKAMHU 3aKJII0YAETCs 3HAYUTENbHBIN MOTEHIMAT YBEIUYCHUS
MPOU3BOAUTENBHOCTH, d(PPEKTUBHOCTH W KauecTBa (PYHKIIMOHUPOBAHHS BCEH
MPOU3BOJACTBEHHON IIeMOYKH u3rotosiennss KMUA.

B 3aBucHUMOCTH OT BBIOPAHHOTO HAaNpaBICHUS PAa3BUTHUS MPEANPUSITHUSA
CEKTOp MO03aKa3HOTO MPOMBIIIJIEHHOTO MPOU3BOICTBA MOXKET ONUPATHCS HA OJHY
U3 JIBYX CTpaTreruil pa3Butus, npemnoxeHHslx M. Iloprepom - Begymum yué-
HBIM B 00JIACTH KOHKYPEHTHOW OOPHOBI M IKOHOMHUYECKOTO pa3BUTHS, Mpodec-
copom kadenpsl uM. b.B. Jlopenca B ['apBapackoii mkosue ouzneca [147]:

- cmpamecuro 1udepcmea no CHMOUMOCmU, 4TO IPEAIONAaracT BbIIIYCK

HIMPOKONH HOMEHKJIATyphl 0a30BBIX TOBapoB MO 0Oojee HU3KOW ILIEHE,
YeM TOBapbl KOHKYPUPYIOUIUX MPOU3BOIUTEIICH;

- cmpamecuro uodepcmea no IKCKAIO3UGHOCHU, TIPENIONIATAIOLLYIO
paclIMpeHre OMIMOHAIBHOIO MHOXECTBA MPEITI0KEHUN, OIpaBabl-
BaIOIIMX 00Jiee BBICOKYIO IIEHY MO OTHOILIEHHIO K KOHKYPEHTaM.

Br10op 110001 M3 yKa3aHHBIX CTpaTeruii HEM30€KHO MPUBOJIUT K IMOBBI-

HICHUIO BAPUATUBHOCTH MCXOIHBIX MaHHBIX. s nuddepeHmupoBanus cymecT-
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BeHHO pasnuuatomuxcs rpynn KMUA no ¢yHKIMoOHaIBHBIM KpUTEPHUSIM Tpely-
€TCs TOCTATOYHO OOJBIIOE KOJUYECTBO MapaMeTpoOB, KPOME TOTO, BHYTPU Kax-
JIOM Tpynmbl B MPOLECCE NMPUEMA 3aKa3a BAPbUPYIOTCS MapaMeTpbl KOHCTPYK-
TUBHOTO M I[BETO-(AaKTypHOTO IJIaHA. DTO MPHUBOJMUT K TOMY, YTO MOIIHOCTH
MHOECTBa MOTEHIMAIbHBIX KOMOMHALUN JOMYCTUMBIX KOHCTPYKUHUN W3AEIUIl
CTpeMUTCSI K OeckOHeYHOCTH. OIHOYPOBHEBOE YMPABICHUE TAKUM IMOTOKOM
MPUBOJNUT K U30BITOYHOCTH U AYONIMpPOBaHUIO WH(MOPMAIUHU, YTO JOTMOTHUTEIh-
HO YBEJIMYHMBAET HATrpy3Ky Ha WH(POPMAIIMOHHBIE KaHAJIbl U 00BEM padoT IO
YIPaBJIEHUIO JTaHHBIMH.

JIns cTpykTypu3anuu NMOTOKa JNaHHbIX O 3aka3ax B KM Beimensrorcs
MOUKU KOHQU2YypUupoeaHus, OCiae10BaTeIbHOE MPOX0KICHNE KOTOPBIX Ompeie-
JSET TOJHYK WH()OPMANMOHHYIO UICHTH(PHKAIUI0 KOHKPETHOTO 3akasa (puc.
7.2).

fs o 1 — npuem 3aKkasa;
2 — HaXOXXJICHHUE TPOTOTHIIA,;
o o 3 — KOHCTPYHUPOBaHUE,
4 — paxoxaenue tunosoro TII;
@ 5 —npoektupoBaHue MapupytHoro TII;
o o £ 6 — mpoekTupoBanue oneparmonHoro TII;
” { — IPOU3BOJICTBO.
O

Puc.7.2. Opzpagh cmpykmypusayuu 0aHHBIX O MOUKAM
o Konghuzypuposanus

Waeonorus mo3aka3HOIro MPOMBIILICHHOTO MPOM3BOJICTBA Ipearoiaraet
MHOTOBAapHUAHTHYIO CTPATETHIO Pean3allii MPOSKTa B 3aBUCHMOCTH OT ITOXKeJa-
HUH KOHKPETHOI'O 3aKa3urMKa. PacCMOTpHM B KadeCTBE IpHMEpa CIACAYIOIIHE
4yeThIpe BapraHTa (OpMHUPOBAHHMS 3aKa3a.

1) Fi=F(Zy)={f4, 2, f3, f4} — monHOCTHIO MHAMBUAYAIBHBIA 3aKa3, IS KO-
TOPOT0 B IOJIHOM 00BEME BBIIOJIHAIOTCS BCe PaOOTHI IO KOHCTPYKTOP-
CKO-TEXHOJIOTHYECKOU IMOArOTOBKE MPOU3BOJICTBA,;

2) Fo=F(Z)={fs, fs, fo, f10, fa} — 3aka3, chhopmMupoBaHHBI HA OCHOBE IMPO-
TOTHUITHOM MOJIENIH, KOTOpas TpeOyeT KOHCTPYKTUBHBIX IOPabOTOK, HE
MU3MEHSIOIINUX MapIIPYTHOH TEXHOJIOTHH HM3TOTOBJICHUS, HO Mpe/Ioa-
raloMx MO (QHUKALIHIO0 OIepalliOHHBIX IEPEX0/I0B,;
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3) Fs=F(Z3)={fs, fs, f11} — 3aka3, momoOHbII paHee BBHITOJHEHHOMY 3aKa3y
C TOYHOCTBIO 10 reoMeTprudecKkux pasmepoB KMUA;
4) F4=F(Z4)={f13} — 3aka3, peamusyeMblii CKJIaJCKOH IpOrpaMMoi mpe-
HPUSATHS.
Hcxoms W3 3TOro, MHOXKECTBO 3aKa30B 3a ONpEICICHHBIN KajleHIapHbIH
MEPHOJT IIPEACTABIISACTCS KaK

F@2)=UF(@). (7.2)

Oprpad (puc. 7.2) MoxeT ObITh TPAHC(POPMHUPOBAH B TAOITUUHYIO MOJICIb
IIOTOKA 3aKa30B, KOTOpas IpeAcTaBisieT co00il OMHapHYI0 MaTpHIly, MTOKa3aH-
HYIO Ha puc. 7.3.

F(2)
fi Fv

oL

3 Fn

o
ellelleollo]lleolleol el ieliell i il
OOOHHOOHHHOOONTI
ellell Jdiellell JJlellell llellelle]le]
HOOOOOOOOOOOO;I‘I

f13

Puc. 7.3. Taonuunan mooderv nomoka 3aKa306

['pynmupys ayru rpada mo NpUHIUITY PACTOIOKEHUS TOYeK KOHPHUTypH-
pOBaHUS B MPOU3BOACTBEHHON CTPYKTYype MPEANPHUATHS, MOKHO C(HOPMHUPOBATH
TPU COBOKYITHOCTH omepanuii 00jee BHICOKOTO YPOBHSL:

1) f'={fy, fs, f13} — ypOBeHB mpHEMa 3aKa30B;

2) fP={f,, e, fs, fo, f12} — ypOBeHb KOHCTPYHpOBAHUS;

3) f°={fs, f4, f7, f10, f11} — yposens TIIII.

Kaxnast nyra rpada f; xapakrepusyercs niauHou i, onpenenstomeii Bpe-
MEHHOW HMHTEpBaJl peav3allii COOTBETCTBYIOIIETO0 HabOpa MPOEKTHBIX Omepa-
WA, U BECOM [, 00OOIIEHHO XapaKTEPU3YIOLUM HX TPYIO0eMKOCTh. CBepTKa
ATUX XapPaKTEPUCTUK JaeT BEJIMYMHY 00OOIIEHHOTO Beca COOTBETCTBYIOIIEH 1y-
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ru. C yueToM 3TOro OMHapHas MaTpuIla, MOKa3aHHas Ha puc. 7.3, mpeobdpasyercs
B BECOBYIO MaTpHILy, JAIOINIYIO TOJHOE HH(GOPMAIIMOHHOE OTMCaHUE TIOTOKA 3a-
ka3oB (puc. 7.4).

3amaya ONTUMAIbHONW WH(OPMAIIMOHHON MACHTH(PUKAIMK 3aKa3a MOXKET
OBITH COPMYIHpPOBaHa CIACAYIOMNUM 00pa3oM:

N
L:é. F.(;,p)® min;

i=1

N N
é.liE'Lmax; éFi(pi)£S7

i=1

i=1

rae L — 00001eHHbIE U3/IEPIKKU BHITIOJHEHUS 3aKa3a,

¥, — GyHKIIMYU CBEPTKHU (MPUBEIACHUS BPEMEHU U TPYIOCMKOCTH Peaanu3aluu

I-ro sTama K COoCcTaBUMBIM BeJ'II/I‘-II/IHaM);
Lmax — MaKCHUMaJIbHOC BPEMsI BBIIIOJITHCHHUA 3aKa3a,

@; — pyHKIMSA TIepeBOa TPYJOSMKOCTH B JICHEKHBIC 3aTPATHI,

S—cyMMma 1oroBopa ¢ 3aKa3uyuKOM.

F(2)

fi F1 F, Fs Fa Fn
f1 P1(11,p1) 0 0 0

f, P(12,p2) 0 0 0

fs | Pa(ls,pa) 0 0 0

fa Va(l4,ps) | Pa(l2,p4) 0 0

fs 0 Ps(Is,ps) | ¥s(ls,Ps) 0

fo 0 P5(16,Ps) 0 0

f; 0 0 0 0

fg 0 0 Pg(15,Ps) 0

f 0 P9(l9,Po) 0 0

f10 0 #10(l10,P10) 0 0

f11 0 0 ¥11(112,P11) 0

f12 0 0 0 0

f13 0 0 0 ¥13(113,P13)

Puc. 7.4. Becoeas mampuya nomoka 3aKa3oe

WNuTterpupoBaHHblii MH()OPMAIMOHHBIN TOTOK B YCIOBHSAX MO3aKa3HOTO
MPOMBIIIJIEHHOTO IPOM3BOJCTBA XapPaKTEPU3YETCA BBICOKOW IUIOTHOCTBIO H
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MPEACTABIIAET COOOM COBOKYNMHOCTh JAHHBIX, MOPOXKAAEMBIX B OINpPEICICHHBIX
TOYKaX KOH(QUTYpUPOBAHUSA, IS YIPABICHUS KOTOPHIM HeoOXxoamma pa3padoT-
Ka aJIeKBaTHOW YHU(DHUITUPOBAHHOW MOJIETN CTPYKTYPHI IPEAITPHUATHS.

7.2. Uudosioruyeckasi Mojesib CTPYKTYPbI NPeANPUATHSA

YuudunupoBannas uHdomoruyeckas MoAeNIb CTPYKTYPbl MPEaNpHUATHSA
JOJDKHA OTpPakaTb OCOOCHHOCTH I103aKa3HOTO MPOMBIIUIEHHOTO IPOU3BOACTBA
MeOenu, yBI3aB UX C pa3HOOOpa3reM acleKTOB OTHOIICHUN MEXy CYLUIHOCTAMU
npeaMeTHOW 00JIacTH, HOBOM MapaJurMoi KOHCTPYKTOPCKO-TEXHOJIOTHYECKOTO
MPOCKTUPOBAHUSA U OOBEKTHON CTPYKTYPHO-aTPUOYTUBHONW MOJEIbI0 MEOEIbHO-
rO U3JENUsl KaK OJJHOTO U3 IJIaBHBIX KOMIIOHEHTOB 3TOM MapagurMbl. JTa yBs3Ka
BBITIOJIHSIETCSI B JBYX HAIPABJICHUSAX: MO BEPTUKAIM — MEXIY OTIEIbHBIMU
YPOBHSIMM YHPABICHUS, U TIO TOPU3OHTAIH — MEXAY CTPYKTYPHBIMH 3JIEMEHTA-
MU (MOAYISIMH), GYHKITHOHUPYIOIIMMH TapaJUIeIbHO B paMKaX OJHOTO YPOBHSI.
[Tpn momo6HOM MOAYIHHOM TOAXOJE JTOCTUTACTCS BBHICOKAs CTETNECHb yHU(UKA-
MU PEUICHUH, YTO TMO3BOJSAET TPAaHCHOPMHUPOBATH UX ISl KOHKPETHOTO TMpe-
npusATUsi. BaXkKHBIM ClIeICTBUEM MOIYJIBHOCTH SIBJSIETCS BO3MOXKHOCTh aBTOHOM-
HOTO (YHKIIMOHUPOBAHUS OTICIBHBIX MOMIYJEH CHUCTEMBI, YTO PAacIIUpsET 00-
JACTh MOTEHIMAIBLHOTO MPUMEHEHHS.

OO6mme TpeboBaHus K YHHPUIIMPOBAHHON MOJIETU CTPYKTYPBI MeOEIbHO-
ro NPEINPUATHS CIEeYIOLINE:

- ompadicenue écex cgep deamenpvHocmu 00veKma: NPEIINPOCKTHBIX U
MOCTIPOEKTHBIX OTHOIICHUW C 3aKa34MKOM, AU3aMHEPCKOro, KOHCT-
PYKTOPCKOTO,  TE€XHOJOTHYECKOIro,  OpPraHu3allMOHHOIO0, CMETHO-
(UHAHCOBOTO, MJIAHOBOTO M OYXTaJITEPCKOTO OOEeCIeueHus: MPOU3BO/I-
CTBa, CKJIAJICKOT0 y4YeTa MaTepHuaioB, KOMIUJIEKTYIOIIUX U TOTOBOM Mpo-
AyKINY,

- MHO20YPO6HEBOI XapaKkmep Mmooeau, OTPAXKAIOINN KaYeCTBEHHbIE U
KOJIMYECTBEHHBIE MTOKA3aTeNId Ha Pa3JIUYHbIX YPOBHIX aOCTpaKLINH;

- OuHamu4ecKuil xapakmep moodeau, NONYCKAIOIMNA HAaIU4YUe JBYX Ma-
paJUIeNIbHBIX BPEMEHHBIX IIKaJ: HIKaJbl BPEMEHU MOAECIUPYEMOro M3-
JeNust ¥ IIKaJdbl BpeMeHU (QYHKIIMOHUPOBAHUS MH(GOPMAITMOHHONW CHC-
TEMBI;

- uepapxuuynocms GYHKUIUN YIIPaBICHUS, CTPYKTYpHI 0a3 TaHHBIX U MPO-
TPaMMHOT0 O0OeCIeYeHus;

- 6bICOKAA HAOEIHCHOCMb PAOOMbL RPOZPAMMHON Peanu3ayuu mooeau,
o0OecrnieunBaemMasi BO3MOKHOCTBIO pa3rpaHUUYEHHUs MpaB JOCTYNMA K UH-
dbopMalMOHHBIM pecypcaM W (QYHKUIHUSIM YIpaBICHUS, PpPa3BUTHIMU
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CpeACTBaMH MPOTOKOJIUPOBAHUSA, OJOKMPOBKH, apXMBAIlMM U BOCCTa-
HOBJICHUS TAHHBIX;
- 2uOKuil u yoooHwslil annapam KoH@uypuposanua Ui aianTaluu CUc-
TE€MBI K YCIIOBUSAM KOHKPETHOTO MPEAIPUATHUA.
YxpynHeHHas uHboNOrndIeckas Moaens HHGOPMAIMOHHONW HHEGPaCTPyK-
Typbl MEOETBHOTO MPEANPUATHS, OCYIIECTBISIONIETO MO3aKa3HOE MPOMBIIILICH-
Hoe nipou3BoacTB0 KMUA, nmpuBeaeHna Ha puc. 7.5.

+ . -+
Crry>1:0a OCTIPOEeKTHRIX Tesai-mp oesT f— ITpenmpoeKTHBIA
OTHOINEHHH HHTCPAKTHE
K onITnexcHBI AHATHS ) M
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i £ 1 1
MatepHanbHO-TeXHHY ecKoe | | |{CMeTHO-HHAHCOROE L, ITnaHHpoBaHHe H
00 ecTIed eHIe o0 ecred eHHe JHCIIETYHPOBAHHE
* -+ % ] t I
)] r
+ + +
) KOoHCTpyKTOpCKoe | | HeTamHpoEKa | | TexHonorieckoe | |
ofecried eHHe A ’ KMITA ofecriedeHHe
* \
1,
¥ -
KommmekcHoe HeroTorIeHHe KMITA
i
CENajs rOTOBLIE H e HH
+ VpoReHb
VIIaKOEKa H OTIPY3Ka TPOH3EOCTEA
KowmrrexcHasa coopka KMITA

Puc. 1.5. Hughonocuueckasn mooenv unghopmayuonnou ungpacmpyxmyput
MebenvHo20 npeonpuamus

dopmupoBaHre HHPOPMAIMOHHONW HHQPPACTPYKTYPHI  MPEATPUITHS
JIOJDKHO BBITIOJTHATHCS Ha OCHOBe mosiokeHui koHueniuu BOIIII, kotopeie Ha
3TOM yYpOBHE (OPMYIHPYIOTCS CISTYIOIMHIM 00pa3oMm:
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eIrHas KOHIIETITyaldbHas OCHOBA WHTETPUPOBAHHOW MH(GOPMAIIMOHHON
cpedbl, HUCKIIoYarmas HEOOOCHOBAHHOE IyONMpPOBAHUE MPOEKTHBIX
ormepanuii ¥ obecreunBaronas akTyalbHOCTh HH(GOPMAIIMOHHBIX pe-
CypCOB;

g depeHInpoBaHne MPOEKTHBIX OIMEepaIdii 0 yPOBHAM a0bCTparupo-
BaHMS TPU pa3paboTke crenuUKAUN WHANBUIYATIBHOTO MPOEKTa C
OJTHOBPEMEHHOW MHHMMM3ALMEN CTENEeHN y4yacTusl YeJIOoBeKa B KayecT-
BE€ JIMLA, MPUHUMAIOLIETO PEUIEHHUE B XOJI€ pea3allluh MPOEKTHBIX
Oomnepannii;

CKBO3Hasi MH(pOpMalMOHHAs TMOACPKKA pacTpeIeICHHBIX M0 BPEMEHU
Y YPOBHSAM a0CTparupoBaHUs MPOIIECCOB MPOCKTUPOBAHUS U TTPOU3BO/I-
ctBa KMUA, OGasupyromasics Ha TpeanokeHHOW HHGOPMAIIMOHHON
MOJICNIA M TIO3BOJISIOIIAs YCTPAHUTh MOTEpU M NyOIuMpoBaHue MHGOP-
Malli¥ TIpU €€ BBOJI€ U 00paboTKe;

MHTEPAKTUBHOE  MOCIEI0BAaTEeIIbHOE dbopMHUpOBaHHE  ACKHU3HO-
CTPYKTYPHOM, CTPYKTYpPHO-aTpUOYTUBHOW U Tpado-aHATUTUIECKON
MoJieell 00BeKTa MPOEKTUPOBAHUS KaK OCHOBBI aBTOMATUYECKOM T'eHe-
paluyi reOMEeTPUUYECKON MOJENN B MPOCTPAHCTBE UCIIOIHUTEIBHBIX KO-
opauHat ¢ ydetoMm 3agaHHbIX KTTO M BO3MOXXHOCTBHIO BH3YyaJbHOIO
KOHTpOJISI B cpefie criennanu3upoBannoit CAIIP mebenu (puc. 7.6);
000CHOBaHHAsl CeMaHTHYECKass N30BITOYHOCTh MPOEKTHON MHpOpMaIuu
C LEThI0 AITOPUTMHUYECKOTO KOHTPOJS Tporecca (GopMUpPOBaHUS HC-
MOJTHUTEIBHBIX KOOPJIMHAT MPOEKTa Ha 3Tale FeHepaluy reoMeTpuye-
CKOH MOJIEJIH;

ucronp3oBanne u pasputue cpeacts CAD/CAM/CAE/PDM, noBsi-
HIAIOIIHUX YPOBEHb aBTOMATHU3AIMU MPOLIECCOB TPOCKTUPOBAHUS U MPO-
W3BOJCTBA, B HAIPABJICHUU CO3JaHMUSI THOKMX aBTOMATHU3UPOBAHHBIX
npousBoacTs (I"AIT);

TPEeXypOBHEBas apXUTEKTypa pacupeaeneHHoi pensiuonHoit CYB/]
pactpeHHON (PYHKIIMOHATIBHOCTH, OPUEHTHPOBAHHAS HA JIUTEIHHOE
MCIOJB30BaHUE U TEMIOPAIbHBIN MOHUTOPUHT BJl MHTErpupoBaHHOTO
Mpolecca MPOEKTUPOBAHUS M TPOU3BOJICTBA MEOETbHBIX aHCAMOJIEH;
dbopMHUpOBaHUE W MOIJEPKAHNE B aKTyaJbHOM COCTOSSHUU OMOTHUOTEK
TUTIOBBIX M YHU(DUIIMPOBAHHBIX MAapaMETPU30BAHHBIX JJIEMEHTOB (MO-
neneit) MeOeIbHbIX U3CIINT;

yHUGUIIMPOBaHHAS WH(]OTOTHYECKast MOACNb CTPYKTYPHI IPEANPUATHS,
OTpakarouasi 0COOEHHOCTU MPEAMETHONU 00JIacTH, a TaKxke pa3HooOpa-
3HM€ aCIEeKTOB OTHOIIEHUN MEXAY CYUTHOCTAMH IPEAMETHOM 00IacTH.
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HNudpopmannonHoe obecrnedenue, (yHKIMOHUPYIOLIEE HA YPOBHE Mpen-
MNPUATUS U ero MoJApa3JefieHuH, TOJKHO 00ecreuynBaTh HEOOXOIMMBbIN HUHQOP-
MAaIllMOHHBI KOHTHHYYM Uil  (OPMHpPOBaHHS OOBEKTHOW CTPYKTYpPHO-
atpuOytuBHOil Mogenu KMUA (4.13). JlanHas MoJlieilb BBICTYNAeT B KaueCTBE
«H(OPMALIMOHHOTO sAapa», 00ecleynBaomero HHpopManueil Kak MpPOEKTH-
pylollie KOHCTPYKTOpCcKO-TexHosoruyeckue mnoacuctemol CAIIP, tak u mpo-
rpaMMHBIC MOJYJIM aBTOMAaTU3MPOBAHHOW MH(OPMAIIMOHHON CUCTEMBI yIIpaBJe-
HUSA TIPEANPUATHEM.

OagHuM M3 BaXXHBIX BOIPOCOB, PEUIAEMBIX B XOJi€¢ pabOT MO MOCTPOEHUIO
coBpeMeHHoM kommiekcHol CAIIP koprycHol MeOenu, SIBISIETCA aHaJIU3 3aKO-
HOMEpHOCTe! mpeoOpa3oBaHus MHGOPMALMU B IpoLecce MO3aKa3HOro MPOEK-
TUPOBAHUS C LEIBI0 ONTUMHU3ALMUU €TO CTPYKTYPHI U MOCIEAYIOIIEH aBTOMAaTH-
3alMM MyTeM pa3paboTKU aJeKBAaTHBIX HMHGOPMAIMOHHBIX MOJENIEH U CBSI3aH-
HBIX ¢ HUMHU 3 (PPEKTUBHBIX TPOTPAMMHBIX CPEJICTB.

O 0beKTHAS
CTPYKTYPHO-aTpHOYTHEHAA
MOJIeTTE

Puc.7.6 Mooenu KMHA ¢ nozakaznom npouzeoocmee

[Tonoxenus xkonuenuuu BOIIIl muddeperumpyroT mpormecc mpoeKTUpo-
BAHUA 10 YPOBHSAM a6CTpaFI/Ip0BaHI/I$I npeJ:[CTaBJmﬂ €ro B CJIEAYIOLIEM BUJE!

Y %y, —®g_ly, :®g y,_.,

rae N, M, L — xonuyectBo HpOGKTHBIX poueayp Ha yp0BH$IX MPUHIANINATIBHO-
ro, KOHCTPYKTUBHOTO U pabo4ero abCTparupoBaHusi COOTBETCTBEHHO;

y Py ik )Y | — TPOEKTHBIC MPOILEAYphl yKa3aHHBIX ypOBHEH abcTparmpoBa-
HUSL.
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YpoBeHb NPUHIUNHAIBHOTO a0CTparupoBaHUsl COOTBETCTBYET HA4aJIbHO-
My 3Taly 3CKU3HOTO MPOEKTUPOBAHMS MPOTOTUIHBIX MOJENEH, HA KOTOPOM pe-
HIAIOTCS 33Ja4M CTPYKTYPHOIO M IapaMeTpudeckoro cuHre3a. OH Hamboisee
yAaJleH OT PealibHOTO U3AEIUS U SIBISETCS BBICIIUM YPOBHEM IO CTENEHU a0CT-
pakuuu. AmxantuBHas TexHojorus ¢opmupoBanuss OCAM Ha ypoBHE TMPHUHITU-
MUAAJTLHOTO a0CTparupoBaHus MO3BOJIAET ONPEACIATh CBI3M MEXIY OObEKTaMH,
HE UCIOJIb3YS UX aHATUTHYECKOTO OMHCAHUs, 0OBIYHO MPEACTABISIEMOrO B BUIE
YpaBHEHHI U HepaBEeHCTB. Peann3ys MpoeKTHBIE ONepaluu, Mojb30BaTellb BCE-
raa paboTaeT B KOHTEKCTE pa3padaTbiBAEMOro U3AENIHS U UCIOJIb3YET TEPMUHO-

noruo mpobieMHoi obnactu. JIrobas mpoekTHas oreparus Y P IOMOTHSeT Ha-

0Op JIOTMYECKHUX CBSI3€H HOBBIMHM CBSI3SIMHU, HEOOXOIMUMBIMHU [JIsl OINpPEIEICHUS
pa3MepoB 00bEKTa, ero (GOopMbI, a TAKKEe TOYKH MO3UIIMOHUPOBAHUS B MOJIEIH.
Tun m XxapakTtep HOBBIX CBSI3€M ONPENECIAIOTCS ABTOMAaTUYECKH B 3aBUCHMOCTH
OT CBOMCTB TEKYIIEro 00BEKTa, BDEMEHHU U MECTa BKIIOUEHHUS €T0 B MOJIEIIb.

Ha ypoBHE KOHCTPYKTUBHOI'O a0CTparupoBaHusi B MOJAEIH KOHKPETUZUPY-
eTcs crnenuduKa peanu3alud ITPOSKTHRIX OMepalnii Ha MPEANPUITUH, TIPHIEM
9Ta KOHKPETU3alMs HOCUT (HOPMANBbHBIA XapakTep — MPOU3BOIUTCS TIOHIKEHHE
YpOBHSI a0OCTpaKIUu MOJAEIH 10 (HOPMATM30BAHHOTO OIMUCAHUS AITOPUTMOB U
JaHHBIX, UCTIOJIb3YEeMBIX Ha KOHKPETHOM MPEANPUATHH, B QYHKIIMOHAIHHOU 3a-

BHCHMOCTH OT Habopa gopManbHBIX mapameTpoB. HaGop mponenyp Y ik HE Me-

HSIET 9CKU3HOTO Xapakrtepa npeactasieHus napopmannn B OCAM, HO yxke yBs-
3BIBAET €r0 CO CIeuPUKON KOHKPETHOTO MPEANPUITHS.

VYpoBeHb paboyero adCTparupoBaHUs PEaTU3yeT PEUHKUHUPHUHT MPOTO-
TUIHBIX MOJIeJIell 0OBEKTOB B MPOCTPAHCTBO MCHOJHUTENbHBIX KoopauHaT. Co-

OTBETCTBYIOIKE MPOCKTHBIC MPOLEAyphl Y | moHmKaT adbctpakuuo OCAM 1o

YPOBHSI, IPUTOJTHOTO JJISI UMIIOPTAa B YHUBEPCAJIBbHBIE CUCTEMBI aBTOMATHU3UPO-
BAHHOI'O IPOEKTUPOBAHUS.

[Tonoonoe muddepenuupoBanne OCAM 1o OpTOroHAILHBIM YPOBHSIM
a0CcTparupoBaHusi MO3BOJIAET, C OJHOM CTOPOHBI, OPTAHM30BATh HE3aBUCHUMBIC
npoueccel npoektupoBanuss KMUWA Ha kaxIoM ypoBHE, a ¢ IpyTrOoll CTOPOHBI —
MPEAOCTABUTh BO3MOKHOCThH CIEHUAINCTAaM, 3aHATHIM B IPOOJEMHBIX 001aCTsX,
paboTaTh B COOTBETCTBUU CO CBOEH KBaln(uKanueil. Bropoii MOMEHT 0COOEHHO
aKTyaJIeH B CBA3W C HEJOCTATKOM KBATH(UIUPOBAHHBIX KOHCTPYKTOPOB U TEX-
HOJIOTOB, BJIAJICIONINX B HEOOXOIUMOM O0OBEME COBPEMEHHBIMU WH(OpMAIIMOH-
HBIMM TEXHOJIOTUSIMU. B pamkax paccMaTpuBaeMoro nojaxoja MMEHHO OHU KOH-
LHEHTPUPYIOTCS Ha YPOBHE MPUHIUIHAIBHOIO M KOHCTPYKTUBHOIO aOCTparupo-
BaHUs, T.€. 3aHUMAIOTCS MOAN(PUKAIINEH aCCOPTUMEHTHOTO Psia MPEANPUATHS U
BHEJAPEHUEM HOBBIX TEXHOJIOTMM B MPOU3BOJCTBO, HE OTBIIEKASICh HA PEIICHUE
TEKYIIUX TEXHUYECKUX 3a7aY.
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[Ipn mo3aka3zHoM mpomblnieHHOM Ipoun3BoacTBe KMUA uHTerpupoBaH-
HOE ymnpaBieHHuEe WHPOPMAIMOHHBIMUA PECypCaMH MMEET MCKIIIOUMTENIBHO BaK-
HOE 3HAYEHHUE, MOCKOJIbKY HAMPAMYIO CBA3aHO C 0O0ecriedyeHneM ruOKoi B3auMo-
CBSI3M U MOJEJbHOM NMPEEMCTBEHHOCTH MEXAY MPOECKTHBIMU OINEPALHSIMH pPa3-
JUYHBIX YpOBHEW aOcTtparupoBanusi. TpagullMOHHBINA MOIX0/, 3aKJIIOYAOMIUNCS
B HCIIOJIb30BaHUM (PU3UUECKON KOHBEpTAIlMU WH()OPMAIMOHHBIX CTPYKTYp U B/I,
aBisgeTcs: HedPPEKTHUBHBIM B YCIOBHUAX wucnoib3oBanuss OCAM pa3iaudHOro
ypoBHs abctparupoBanus. OH TPUBOAUT K (pparMeHTaIud HHPOPMALIHH, TTIOTEPE
YaCTH CYIIECTBEHHBIX JAHHBIX W HApPYLICHHWIO aJIEKBAaTHOCTH CTPYKTYpPHO-
aTpuOyTUBHBIX CBs3el aneMeHToB KMUA, 4uTo, B CBOIO 0oYepe/ib, BEIET K IKO-
HOMHYECKUM IOTEPAM, CBA3AHHBIM, IIPEKJAE BCErO, C YXYALIEHUEM KadyeCTBA U
YBEIIMYEHUEM CPOKOB PEAIU3ALINU ITPOEKTA.

[Ipu pa3paboTke HOBOM MapagurMbl aBTOMATU3UPOBAHHOTO MPOEKTUPO-
BaHUs MeOenr HeoOXOIUMO OpTaHHW30BaTh WH(GOPMAIIMOHHBIC KaHAIbl B3aWMO-
JNEUCTBUS MEXIY MOACUCTEMaMHU, COOTBETCTBYIOIINE YPOBHIM a0CTparupoBaHUs
BBITTOJIHEHUS POEKTHBIX onepaluii. 9To TpeOyeT peuieHus ClIeayomX 3a1ay:

- corjacoBaHHS HH(poOpMaIMOHHBIX Mojeel Bcex atanoB XKL KMUA,

- (opmupoBanme MexkcucTeMHOro MHTep¢elica oOMeHa COTrIacOBaHHOM
nHpopMaIeld, THBAPHAHTHOTO K 00BEKTAM AKCIIOPTa-UMIIOpTa, Mpea-
METHOMY COJIepKaHHI0 MacCUBa JIAaHHBIX U YPOBHIO a0CTparupoBaHus;

- pa3paboTka MaTeMaTUYECKUX METOJOB M MPOTrPaMMHBIX CPEJICTB MHBA-
PHUAHTHOTO AOCTYyNa K reTeporeHHbiM b/1.

Pemienne yka3zaHHbIX mpoOieM TpeOyeT cO3[aHusl MHTETPUPOBAHHON WH-
(dbopmanoHHOU MIaTHOPMBI MEOETHHOTO MPEANPUATHS, Oa3UPYIOIIEHCs Ha KOH-
neniuu CALS-TexHoNMOrnM, OCHOBHOM 3aa4eil KOTOPOH SIBISETCS YHU(DUKALIHS
uHpopmarmornnoro omucanuss KMUA na Bcex atanmax JXIU. IIpu sTom cTpyk-
Typa BCeH MHUPKYIUPYIOUIEH B cucTeMe MHGOpMAIIUU U SI3BIKH €€ MpeCTaBe-
HUS CTAHIAPTU3YIOTCS, YTO JAE€T BO3MOXKHOCTH MapajuieJbHOU pabdOoThl HaJ Mpo-
€KTOM ITOJpa3AeJIEHNM, UCTIOJIb3YIOIIMX PAa3HbIE CPEACTBA ABTOMATU3ALIUM.

7.3. CALS TtexHosorum - crparerusi popmupoBanuss EUII

Cytp CALS-TexHOIOTHI COCTOUT B NMPUMECHCHUH TPHHITAIIOB M IOIXO-
JIOB, OCHOBAHHBIX Ha WH(OpPMAIMOHHON Mmojepxke Bcex ctaauii JKII mpomyk-
WA, OCHOBAaHHOW Ha HCIOJB30BAHMU HHTETPHUPOBAHHBIX HWH(POPMAIMOHHBIX
CUCTEeM, 00ECIeUnBAIOIINX €UHOOO0pa3HbIe CIOCOOBl yIpaBleHUs MpOleCCaMu
1 B3aMMOJICHCTBHS BCEX YUYAaCTHHKOB 3TOro mnukia [149].

Breapenne CALS-TexHOIOTHI MTO3BOJISIET CYIICCTBEHHO COKPATHTh 00B-
€MBbI MPOEKTHBIX paboT Ha Bcex atanax JKI[M, mockonbKy CylIeCTBEHHO IMOBBI-
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IaeTCs YPOBEHb JIOCTYIMHOCTH WH(OpMALMH, CICJACTBUEM YETO SIBJISCTCS BO3-
MOYKHOCTh MHOTOKPAaTHOHM pPETpPaHCISALUU apOOUPOBAHHBIX MPOCKTHBIX pelie-
HUIl B HOBBIX pa3paboTkax. B "acTHOCTH, HCCIe0BaHUs, TPOBEJACHHBIC B TIPO-
meinuieHHOCTH CIIIA, moka3anu ciieayromme KOJUIeCTBeHHbIE OICHKU A dek-
tuBHOCTH BHenpeHuss CAL S-texnomnornmii [150]:

psiIMOE COKpalleHune 3aTpat Ha npoekrupoBanue — 10...30 %;
COKpaleHne BpeMeHn pa3pabotku m3aenuii — 40...60 %,

COKpaIlleHHe BPEeMEHHU BHIBOJA HOBBIX M3IETUI Ha pRIHOK — 25...75 %;
COKpallleHhe A0Mu Opaka W o0beMa KOHCTPYKTHBHBIX H3MEHCHUN —
23...73 %;

COKpaIlleHHe 3aTpaT Ha MOATOTOBKY TEXHUYECKON TOKYMEHTAIUU — O
40 %;

COKpaIlleHHEe 3aTpaT Ha pa3paboTKy IKCILTyaTaIl[MOHHOW JOKYyMEHTAI[UN
— 1o 30 %.

Oddext or BHeaperuss CALS-TeXHONIOTHA TOCTUTACTCS UMEHHO IO TEM
acreKkTaM, KOTOPbIE aKTyalbHbI JJISl M03aKa3HOTO MPOMBILIJIEHHOTO MPOU3BOJCT-
Ba KMHUA, 4To U omnpenensier ux BbIOOP B KAYECTBE CTPATETMUYECKOTO HAIpPaB-
nenus popmuposanus EWIL. OcnoBHas 3amaya CALS-TeXHOIOTHI B KOHTEKCTE
nH(pOpMaTH3AMH MEOETHFHOTO MPEANPUATHS — OpTaHU3AIUS KOMITJIEKCHOTO HH-
dhopmarmoHHOTO obecTieueHus Bcex dTanoB JKII w3 mennii:

MapKETUHTOBBIC HCCJIEJIOBAHUS M OMpeAeeHHE MEepCIeKTUBHBIX Ha-
MIPABJICHUM CTUJIEBBIX U MOJICJIBHBIX PEIICHUM;

KOHIIENITyaJIbHOE MPOCKTUPOBAHUE U pa3pabOTKa JU3alH-MPOCKTOB HO-
BBIX U3CIIUM,

MIPUEM 3aKa30B;

MPOEKTHO-KOHCTPYKTOPCKAs MpopadoTKa MOJIEIIeH;
WHXEHEPHO-TEXHUYECKOE MOJICIMPOBAHMUE;

MaTepUaibHO-TEXHUYECKOE CHAOKEHMUE,;
OpTaHU3aIMOHHO-TEXHOJIOTHYECKas MOATOTOBKA IMTPOU3BO/JICTBA;
MIPOM3BO/ICTBO;

TEXHUYECKUU KOHTPOJIb, MPOBEJICHUE 00CIEI0BAaHUM U UCTIBITAHUH;
yIIaKOBKa M XpaHEHMUE;

peanu3anus;

MOHTaX y 3aKa34uKa,

rapaHTUIHOE U OCTrapaHTUHHOE COMPOBOXK/ICHHUE.

JIns sTana JOKAIBHOM aBTOMAaTW3AalMM, NMPAKTUYECKH PEATU30BAHHOTO B
MeOeIbHOM MPOMBIIIJIEHHOCTH K HACTOAIIEMY BPEMEHHU, XapaKTEepHO HaJIU4ue
MHOTOYHCIICHHBIX HH()OPMAIIMOHHBIX IMMOPTAJIOB, 00€CIIEYNBAIONINX BBIMTOJIHCHHUE
TpeOyeMbIX (QYHKIIMN Ha ypPOBHE MOAPA3CICHUA. ITO ABISICTCS UCTOPUICCKUM
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CIeACTBUEM (PUKCAIIUU CYIICCTBYIOIICH CTPYKTYPHI MPEANPHUATHS B IpOIlecce
ero apromaruzaiuu. [lonoOnoe paznenenue EMII Ha MHOXecTBO cinabo CBsI3aH-
HBIX MH(OPMAIIMOHHBIX ITOIMPOCTPAHCTB, OPUCHTUPOBAHHBIX Ha PEIICHUE JIO-
KaJbHBIX 3aJla4, MPUBOJUT K CYLIECTBEHHO HEIMHEHHOMY POCTY CIOXHOCTH
yrpasnenus KM nmo mepe yBenWYEHHUS KOJMYECTBA BHUIOB BBINYCKAEMbIX
KMUA, xapakTepHOro s TMO3aKa3HOTO MPOMBIIIJIEHHOTO MPOU3BOJACTBA.
CrnencTBUEM ATOrO SBJISETCS HEUYBCTBUTEJIBHOCTh MPEANPHUATHS K KOJICOAHUSIM
MPUOPUTETOB MOTPEOUTETHLCKOTO PHIHKA, YTO B YCJIOBUSIX KOHKYPEHIIUU MPOU3-
BOJUTECH paBHOCHIBLHO OaHKpoTCcTBY. IIpuMmenenne CAL S-TexHoioruii mo-
3BOJISICT MEPECTPOUTH (DOPMBI B METOJBI YIIPaBJICHUS MPEAMPHUITACM TaKUM 00-
pasoMm, 4TO HH(OPMAIMMOHHOE OOCCIICUCHHE CTAHOBUTCS HEIOCPEICTBECHHON
MPOU3BOJACTBEHHOW COCTABIIAIOIIEH.

[IpakTyeckoe BHeapeHnue dnmemMeHToB CAL S-TexHoMOrNi, Kak uacoI0Tun
HOBBIX MPOEKTHO-TIPOU3BOJICTBEHHBIX OTHOIIECHUM, TpeOyeT Haauuus, Kak MU-
HUMYM, aJICKBaTHOW ammapaTHOM M mporpaMmHoil 6a3bl. K HacTosmemy Bpeme-
HU B OCHOBHOM CO3JIaHa He0OXoaumasi TeXHUYecKas TuiaTdhopMa T aKTHBHOTO
npoaprxkeHnss CALS-TexHomornii Ha MeOeNbHBIC MPEANPUITHS, OJHAKO 3TOT
MPOLIECC CIEPKUBAETCA OTCYTCTBUEM COOTBETCTBYIOIIETO MPOTrpaMMHOro odec-
neueHus. [lpennaraemas HoBasi mapaaurma MOCTPOCHUSI KOMILIEKCHON MeOenb-
Hoit CAIIP umeet cBoeil 11e/1bI0 YACTUHYHO YCTPAHUTh BaKyyM B 3TOH 00JIaCTH.

PazButne CALS-TexHOJOrMi mpenamnojaraeT IMepexod OT TEXHHYECKOH
WHTETpaIuy MOApa3AeACHUN IPEANPHUATHSI K MX HH(POPMAIIMOHHON HHTETPAIIHH,
910 TpedyeT, MOMUMO (OPMHUPOBAHHSA CIUHOTO (PU3MUECKOTO IMPOCTPAaHCTBA
XpaHeHUs WH(POpMAIMK M JOCTyINa K HEeH, eMMHOr0 MPOCTPAHCTBA TEPMHHOJIO-
U, HHTEPNPETALUM U COTIOCTaBlIeHUs JaHHbIX. OtaensHble dTanbl K[ KMUA
pEeATU3YIOTCSI KOHKPETHBIMHM MCTIOJHUTEIAMH B paMKax MOJpa3/IeJeHul, 3a4ac-
TYIO C TIOMOIIBIO PAa3HOPOIHBIX MPOrPaMMHO-AIMMAPATHIX MIaTGopM. DTO MpH-
BOJIUT K TEXHOJOTHYCCKHM CJIOKHOCTSIM OOBCIUHCHHS W XpaHCHUsS wHOOpMa-
IUH, €€ AYOJIUPOBAHHUIO B CHJIY YACTHYHOTO IMEpeceUucHUs HH(POPMAIMOHHBIX
peCypcoB moapa3iefieHui, mpodiemMaM ¢ aKTyaJIbHOCThIO OTIEIbHBIX HH(pOpMa-
IIMOHHBIX PECYPCOB, OTCYTCTBHUIO EIOCTHON MH(POPMAIIMOHHON KapTHHBI.

du3nyecKoe CIUSHUE JAHHBIX TPEOYET MCIOJb30BaHUS CIOXKHBIX, J0PO-
TMX W HEMPO3PAayHBIX HA MPEAMETHOM YPOBHE MPOLEAYpP IKCHOpPTA, UMIOPTA U
TpaHcaanuu wHGopMamuu. [lo 3Toii mpuunHe OoJiee MPUEMIIEMBIMU SIBIISIIOTCS
pEIICHHS, pealn3yeMble Ha JIOTHUYECKOM YpOoBHE (BHPTyallbHasi HHTErpalus) my-
TEM CO3JaHus (OpMaTM30BAHHBIX ONMMCAHWHA MPABUJI U METOJOB MHTCTPAIINH, B
COOTBETCTBHH C KOTOPBIMH OCYIIECTBIISCTCS JOCTYN K MHGOPMAIUHA BCEX Mps-
MBIX U KOCBEeHHbIX y4acTHUKOB JKI[M1. B stom cnywae EUII npencrasisercs B
(dhopmMe IBYXaCIEKTHOTO KOHTCHTA!
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- OaHHble, KAK COBOKYITHOCTh Pa3JIMYHBIX MOJEINEH, OMUCHIBAIOMIMNX 00b-

€KThI TPeAMETHOM 00J1acTH;

- Mmemaoannsle. HA00P UHPOPMAIIMOHHBIX, TEXHUYECKUX U OpraHU3AIIH-
OHHBIX MPABUJ HMHTETPALIMH, B COBOKYMHOCTH OOpa3ylOIMX OCOOBII
METaypOBEHb MHTErpaIUH.
CrpyktypHas cxema EUII meOenpHOro mpeanpusThsi ¢ BbIACICHUEM Me-
TaypoOBHS B KaueCTBe HEOOXOAMMOTO acmekTa MHGOPMAIMOHHONW WHTETPAINH
MoApa3IeJeHU MoKa3aHa Ha puc. 7.7.
[Tonb3oBaTensckuii ypoBeHb EUII ¢opMupyioT cnenuaiuctsl moapasie-
JICHUW TIPEANpUATUS, pabOTaIOIINE C JOTUYECKUMH MOJICNIIMHU JTaHHBIX, adanTH-
POBaHHBIMH TIOJ WX WH(pOpPMAIMOHHBIE MOTpeOHOCTH. OH peaan3yeTcs CpecT-
BaMH cTaHIapTHBIX pensiuoHHbXx CYBJl B mHTepakTUBHOM pexkume mmu SQL-
3aIpOCaMM MCIIOJIb3YEMBIX ABTOMATU3UPOBAHHBIX CUCTEM.

Yp OBCHE ITOTILZ OB ATEITA

MeTaypoOREHE

DH3HIeCKHH YPOBEHb

MeHeaKep

MuzaiHep

KoHcTpyKTOpD

TexHoIor

AJAMHHHCTPATOP

DHHAHCHCT

IITAHOBHE

byxranrep

CHaDKeHel |

IIpoH3BOACTRO

ar

CHCcTeMa OpraHH3aIfHH J0CTyIIa

CHcTeMa KiaccHpHKaI HH

H KOJHPOEdHHA

CHCcTeMa

HH{lOp MaIHOHHOH

0e30MmacHOCTH

VYeTHO-CTaTHCTHYeCKast

CHCTCMA

Faza MeragaHHLIL

ry

MeTaypPOBHS

AJAMHHHCTPATOP

-

CHecTeMa 00CITY>KHB aHHS 3alIp0COB

BFaza qaHHLIX

Cepeep n

JAaHHBIX
TToYTOBLIH "
CEPBED

PeseppHBIH | |
Cepeep

Puc. 7.7. Cmpykmypa memayposna EHII mebenvnozo npeonpusamusn

MetaypoBenb ENII BkiItouaeT B ceOs clieAyrOKne KOMIOHEHTHI:
- cucTeMa 00CIy>KMBaHUS 3alIPOCOB, MHTEPIPETUPYIOIIAS 3aIIPOCHI TOJIb-
30BaTejel, MOCTYMAIOIINE B TEPMUHAX JIOTHYECKON CTPYKTYphl JaH-
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HBIX, B TEPMUHBI WH()OPMAITMOHHOW MOJEIH B COOTBETCTBUH C €€ Me-
TAOINKUCAaHUEM, a TAKXKE BBIMOJHAIONIAA 0OpaTHbIE MpeoOpa3oBaHus IpU
(hopMHUpPOBaHUH OTBETOB Ha 3alPOCHI;

- cucTeMa KiacCu(pUKAIMK U KOTUPOBAHUS, MpeIHA3SHAUYCHHAS 71 Opra-
HU3AIMH €MHOTO CTI0C00a JIOTHYECKOTO TIPeACTaBICHHs HH(OpMAIINy,

- cucrema WHPOPMAIIMOHHONW 0E30TacCHOCTH, pealu3yromas Mepbl s
3aIIUTHI 1[ETOCTHOCTU JAHHBIX M HUCKIIOYEHHS HECAHKIIMOHUPOBAHHBIX
NEUCTBUHN TMOJIb30BaTEIeH MyTEM pa3rpaHUYEeHHs MpaB JOCTyNa K HH-
(hopMaIOHHBIM pecypcam OOIIEeTO MOJIb30BAHNUS;

- YYETHO-CTAaTUCTHUYECKas CHCTeMa, NMpU3BaHHAs (PUKCUPOBATH IIUTEIh-
HOCTh M MH(OPMAIIMOHHOE COJACPIKAHUE CEaHCOB pabOTHI MOJb30BaTE-
JeW JJIsl UCKITIOUEeHUS! JeMCTBUI HE CBA3AHHBIX C BBIMOJHEHUEM ITPOU3-
BOJICTBEHHBIX 3aJJaHUI U JIOKATU3ALMU IPUYMH BO3MOXKHBIX COOEB,;

- cHcTeMa opraHu3aluu GU3NYECKOTO JOCTYIA, MPEACTABISIONIas CO00M
Ha0boOp CEepBHCOB JOCTyNa K WH(POPMAIMOHHBIM pecypcam, oOecredm-
BAIOIIMX KOPPEKTHYIO 3aIIMCh U U3BJICUCHUE NAHHBIX B YCIOBHUSX IYJIb-
CUPYIOIIETO TpaduKa 3ampocoB,;

- 0a3a MeTaJaHHBIX, B KOTOPOH XpaHATCS MOJEIN MHTErpan HHpopma-
IIUH, TIOJYYEHHON W3 pa3HbIX MCTOYHUKOB, YHU(PUIIMPOBAHHBIC OMHCA-
HUS UHTETPUPYEMBIX PECYPCOB U APYTUe METaJaHHbIE;

- aJIMUHUCTPATOP METAypOBHs, OTBEUAIOUIUMUA 32 KOPPEKTHYIO padoTy
BCEX MPOIIEAYP METAYPOBHS, a TaK)Ke UHTep(eiica ¢ moIb30BaATEIHCKUM
1 (PU3UYECKUM YPOBHIMH.

Peanuzanuio MeTaypoBHSI 11€1€CO00pa3HO BBIMOJIHATh, OPUEHTUPYSICh Ha
cranaapThl, ocHoBaHHbIe HAa XML [141, 151]. D10 00BSICHACTCS KaK MX IUPOKUMH
BO3MOKHOCTSAMH JUII HHPOPMAIIMOHHOTO MOJICTUPOBAHMSI, TaK U TEM, YTO CYIIECT-
ByeT OOJBIIIOEC KOJTMYECTBO MHCTPYMEHTAIBHBIX CPEICTB, MO3BOJSIONMX (HOpMU-
poBatb XML -onucanusi ¢ mOMOIIbIO PACIIPOCTPAHEHHBIX SI3bIKOB MPOTrPaMMHUpPOBa-
HUSI BEICOKOTO YpOBHS, Takux kak Object Pascal, C++, Javau npyrux [152]. Peanu-
3alys U aKTyaJId3alysi METAYPOBHSI BBIIOIHAETCS aIMUHUCTPATOPOM.

OcCHOBHBIE U3JIEPKKHU MPHU peaIM3alNN PACCMAaTPUBAEMOI0 MOAX0Ja KOH-
LHEHTPUPYIOTCS Ha HAYAJIbHBIX ATalax, KaKk ¥ B Clly4ae BHEIPEHUS CUCTEM aBTO-
MaTH3UPOBAHHOTO npoekTrpoBanus [153]. [lognepxka paboTOCIIOCOOHOCTH Me-
TaypOBHS B OCHOBHOM OTpEESeTCs HEOOXOIUMOCTRI0O MOIU(DUKALIUYA OTIEIh-
HBIX METaJaHHbIX U HacTpoek. [Ipu ucnonp3zoBanun XML sta 3amaua He npen-
CTaBJIIET 0COOOM CIOXKHOCTHU, MTOCKOJBKY CYIIECTBYET 3HAUUTEIbHOE KOJTUYECT-
BO CTAHJIAPTHBIX U JOCTYMHBIX CPEJICTB pa3pabOTKU METAONUCAHU.

Breinenenne metaypoBus B EMII HampaBneno Ha co3mgaHue WHPOpPMAIH-
OHHO-(YHKIIMOHANbHON 0a3el BHeApeHUs CALS-texHomoruii Ha MeOCIBHBIX
npeanpuatusx. [Ipu pazpaboTke agekBaTHOW MpOrpaMMHON MIATPOPMBI, OTpa-
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YKAIOIIECH TpeajiaraeMylo napaJurmMy aBTOMaTU3alMd, OHA MOXKET CTaTh CUCTEM-
HBIM (DPaKTOPOM HOBOH MICOJIOTHH OPTaHU3aIlUH MPOU3BOJICTBECHHBIX IMPOIIECCOB.

7.4. Kpurepuu M NPUHIHUIBLI HHPOPMATH3ANUN MeOeJILHOTO
npeAnpUuATHs

CloXHOCTh TPOOIEM, HEM30E€KHO BO3HUKAIOUIMX HAa MEOEIBHOM TMpe-
npusATHA B (a3e mepexona K KOMIUISKCHON aBTOMaTH3allid, B CYIICCTBEHHOM
CTENEHU 3aBUCUT OT €ro OpPraHU3aIlMOHHO-TIPOU3BOJICTBEHHONW CTPYKTYphl U
BO3MOYKHOCTEH HMCIOJIB3yEMOTO MPOTPAaMMHOI0 OOecriedeHus: B Tuiane uHdop-
MAaIlMOHHOM OTKPBITOCTU. B J11000M cllydyae MakCHUMaJlbHOE COXpPaHEHUE HMEIO-
MXCcs HapaOOTOK TO3BOJISIET COKPATUTh (DMHAHCOBBIE M BPEMEHHBIC M3JICPIKKH
Y YMEHBIIIUTH OCTPOTY COIUAIbHO-KaAPOBBIX Mpo0aeM. ONnMacHOCTh JAHHOTO My-
TU COCTOUT B TOM, YTO aBTOMATU3AIUs CIOKHUBIICHCS HEONTUMAIBHOU CTPYKTY-
pBI TIPESANPUATHS WM IPHUMEHECHHE MOPAJbHO ycTapeBIINX (yHAC/ICIOBAHHBIX)
CHUCTEM MOXXET MOryOUTh BCe MpenpuHuMaeMbie ycumaus. [1o aToil npuuunHe op-
raHU3allMOHHOMY PEIICHUIO O PEOpraHu3aluU JOJLKHO MPEeaecTBOBATh YIi1yo-
JIEHHOE MPEANPOEKTHOE HCCeAOBaHUE C 0043aTebHBIM MTPUBIICUCHUEM HE3aBU-
CHUMBIX JKCIIEPTOB.
JIJ1si aBTOMATU3UPOBAHHBIX M WH(POPMAITMOHHBIX CHUCTEM, MCITOJIb3YEeMbIX
B IM03aKa3HOM MeOEeJbHOM MPOU3BOJICTBE, ONTHUMAIbHBIM MPEJICTABISIETCSA Clie-
TyIOIIUN HA0Op KPUTEPUEB:
- (yHKIOWOHAJIBbHAS MOJHOTA KaK ¢ TOYKH 3PEHHS] COBPEMEHHBIX IT0JIXO-
JIOB K PEIICHHUIO 00IMMX 3a7ad WHGOPMATU3AIMUK TPOILECCOB MPOEKTH-
pOBaHUS U MPOM3BOJICTBA MEOCIBHBIX U3JICJINH, TaK U C yYETOM IpHBe-
JCHHBIX BBIIIIE 0COOCHHOCTEH MH(POPMAITMOHHON HHPPACTPYKTYPHI;
- WHBAPUAHTHOCTh 10 OTHONICHHWIO K (PYHKIIMOHAIBHBIM M CTHJICBBIM
O0COOCHHOCTSIM H3JENHH, MPOU3BOJCTBEHHOW MpOrpaMMe, HUCHOJIb3ye-
MBIM U MEPCIICKTUBHBIM MaTepHanaM, GYPHUTYPE U KOMIUICKTYIOIIHM,

- MaKCHUMaJlbHas CTEINEeHb aBTOMAaTH3allMM OCHOBHBIX MPOEKTHBIX OIlepa-
uuit XKL KMHA ¢ aBToMaTH4eCKUM KOHTPOJIEM U JIOKAIU3aIUe OIIN-
OOYHBIX pEIICHUN, OOYCIOBJICHHBIX CyOBEKTHBHBIMU (paKTOpaMH, Ha
BO3MO’KHO 00Jie€ BBICOKHX YPOBHSX aOCTpaKIIMd MaTEeMaTUYECKUX MO-
NeJIeH;

- OTKPBITOCTH ()OPMATOB MPEACTABICHUS JAaHHBIX, ABISIOMAICI HEO00XO0-
JUMOW IPEIOCHUIKON opranu3aunu Metayposus ENII;

- HaJW4YMe MHCTPYMEHTAJIbHBIX CPEJACTB OPraHU3aIMd MEKMOIYJIHLHOTO U
MEKCUCTEMHOT'0 B3aUMOJICUCTBUSI, BO3MOKHOCTh HAaCTPOMKHU M ajanTa-
UM CUCTEM K OPraHU3allMOHHBIM M TEXHOJOTMYECKHUM OCOOCHHOCTSIM
KOHKPETHOTO MPEAMPHUATHS, a TaKKe WX MOIU(PHUKAIIUU [0 MEPE T'eHe-
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palMK HOBBIX OM3HEC-MPOLIECCOB MPU MHUHUMAJIBHOM YYaCTHH CTOPOH-
HUX CIIELHATUCTOB,;

- yA00OCTBO, MHTYUTHBHOCTh W IPTOHOMHUYHOCTh HHTepdeiica, HE Tpe-
OyroImas OoT MOoJIb30BaTeNsl MTyOOKUX 3HAHUHN B 00JaCTH MH(POPMAIIHOH-
HBIX TE€XHOJIOTUHM, €r0 COOTBETCTBUE JIMHIBUCTHKE MPEAMETHOU 0Ojac-
TH,;

- MOJYyJbHasl CTPYKTypa CHCTEMBbI, MO3BOJISIONIAs OPraHU30BaTh MJIaHO-
BBIM MOATANHBIA MEPEXo] K HOBOW opraHu3aluuu padoOT, ONTUMH3UPO-
BaTh MaTepHUaAJIbHbBIE 3aTPAThl U MUHUMHU3UPOBATh BIUSHHUE COLMAIBHO-
YKOHOMHUYECKHX U KaJIpOBBIX (DAaKTOPOB,;

- 00BeM, Ka4eCTBO M JIOCTYIMHOCTb MpEAjiaraéMbiX IMOCTABUIMKOM CeEp-
BHUCHBIX YCIIYT, MMOCTOSIHCTBO MpPOIIECCa COBEPIICHCTBOBAHUSI CUCTEMBI,
PEryJSPHOCTh BBIXOJA HOBBIX BEPCUI M YYET B HUX COBPEMEHHBIX TEH-
AeHII nHGOPMATU3AIMU U aBTOMATU3AIINH;

- TMpUEMJIEMOE COOTHOIICHHE IIeHBI, (DYHKIIMOHAIBHOCTH 1 Ka4eCTBa,

- 00ocHOBaHHbIE TPeOOBAHUS K TEXHUYECKOMY O0ECIEUECHUIO.

B cootBerctBUM ¢ monoxenusmu koHueniuu BOIIII ocHoBa pemieHus
OOJBIIMHCTBA MPUHIUIHNAIBHO BaXKHBIX 3a7a4 npoektupoBanus KMUA B no3za-
Ka3HOM IPOU3BOJICTBE 3aKiajbpiBaeTcs Ha paHHHUX 3Tanax JKLI, cBA3aHHBIX C MO-
CTPOCHHEM MaTEeMaTHYECKUX MOJENEel BBICOKOTO YpoBHA aOcTpakiuu. Kaxnas
n3 noamogeneii OCAM onpenenseT uHOOPMAIIMOHHOE COJIEPIKAHUE TOTO HIIN
nnoro srana JKI[. Ha 3Tux cTaauax npoeKTUPOBaHUS OMPEACIICHHBbI 00beM
uH(MOpPMAIIUU B MOJEIU COAEPKUTCS B (popMe aOCTPaKTHBIX OMUCAHHH, BKIIO-
YEHHBIX B CTPYKTYpPY NapaMeTPUUECKUX CBA3EH, MOMAJEKAIIMX Pa3pelICHUIO Ha
0oJjee MO3HUX ATanax. ITO MO3BOJSAET, IOMUMO BCETO MPOYETO, pPeain30BaTh
XYJI0KECTBEHHO-AU3AMHEPCKUI aCIEeKT MPOCKTUPOBAHUS MeOeau, Mpesmnonia-
ralolluii CIOHTaHHbIE IEPEXO0Abl MEXAY OTAeAbHbIMU dTaniamu XK1,

Kommnexe KTTO Takxe BXOAUT B COCTaB MOJIENM B BHUJI€ aOCTPAKTHOTO
Habopa MmapaMeTpoOB U AJITOPUTMOB peanu3auuu. OH mpeaHa3HA4YeH s BbISBIIC-
HUSA CyOBEKTUBHBIX OIIMOOK HAa paHHUX ATamax MPOEKTUPOBAHMS, YTO CYUIIECT-
BEHHO CHMIKAE€T CTOMMOCTb UX HcCHpaBieHus. s peanuszanuu 3TOro Ha Mpen-
MpUATUM cO3JaeTcs 0a3a JaHHBIX, COAEpIKallasi HEOOXOIUMbIE CBEJICHUS O TEX-
HOJIOTMYECKUX TMpoleccax U HCHOJIb3yeMOM OOOpYyAOBaHMM. DTal ajanTaluu
CUCTEMBI BKJIIOYAeT B ceOsl BBHITTOJIHEHHE LUKJIA PabOT MO yCTaHOBIEHUIO (hop-
MaJbHOIO COOTBETCTBUSI a0OCTPAKTHBIX MapaMeTpOB MOJEIU PEaJbHbIM JTaHHBIM
Y HACTPOMKH aJITOPUTMOB KOHTPOJISL.

OcHoBoli B3ammocBs3u Bcex adtanoB JKI[ Ha ocHoBe CALS-texnomoruit
aBisieTcs nHBapuaHTHOCT OCAM 1o OTHOIIEHUIO K 3TUM dTanam. DTO O3Haya-
€T, 4YTO B JI00OE BpeMs M Ha JIIOOOM 3Tarle MoJib30BaTelb MOXET MOJYYUTH (B
COOTBETCTBHHU CO CBOMMHM ITOJTHOMOYMSMH) HY)XHOE €My MOJMHOYKECTBO aKTy-
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albHBIX JAaHHBIX 00 M3AENUHU. DTOT MPOLIECC CUHXPOHU3UPYETCS C 3ampocamu
IpYrux moJib3oBatenieil. EcTecTBEHHO, YTO 3alpOoChl pa3HbIX MOJb30BaTENeH Oy-
IyT BKIIOYaTh B ce0sl OOpallleHHs K pa3IMyHbIM YacTsIM 00LIel MaTeMaTHYeCKO
MOJIEJIM, HO B ClIydyae B3aMMHOTO TEpeceyeHusl o0uue aTpuOyTsl OynyT UAeH-
TAYHBI JIJI KaXXKJI0ro MOJMHOXECTBa. B ciyuae, Koraa mpou3BOAUTCA oOpaiie-
HUE K JaHHBIM, HAXOIAIIMMCS B TEKYIIUA MOMEHT Ha aOCTPaKTHOM YpOBHE, BbI-
JAETCS COOTBETCTBYIOIIAS JUATHOCTHUKA.

[IpakTrueckas peanu3anus 3agad UHPOPMATHU3AIMU M aBTOMATH3AIUH
MeOEeIbHOT 0 MPEeANPUATHS TPeOYET pELICHHsI CIEAYIOUIEro Kpyra 3ajaay:

- paspaborka OCAM KMMUA, anekBaTHBIX 3aja4aM KOMILUIEKCHOM aBTO-
MaTHU3alMKU T03aKa3HOTO MPOMBIIUIEHHOTO MNPOW3BOJCTBA Ha JIHOOOM
YpOBHE aOCTparupoBaHus;

- pa3paboTKa aJrOpUTMOB peaM3aLUMN C BHICOKOW CTENEHbIO aBTOMATH-
3allMi TPOCKTHBIX TMPOUEAYp KOHCTPYHUPOBAHHUS M TEXHOJOTUUYECKOU
MOATOTOBKM TPOU3BOJICTBA B YCJIOBHUSAX HMCIOJb30BaHUS aOCTPaKTHBIX
MOJeNneH,

- pa3paboTKa METOIOB OpraHU3alMH W MPOIeAYp (YHKIIMOHHPOBAHHUS
MeraypoBHsa EUII;

- pa3paboTka MOJENIe U METOJO0B KOHTPOJISI TIOMyCTUMOCTH U aBTOMATH-
YECKOM KOPPEKIUU PE3yNbTAaTOB BHITIOJHEHUS OTIEIBHBIX MPOEKTHBIX
MpoUEeAYp B YCIOBHUSAX YACTUYHOM HEONMPEIEICHHOCTU MPOEKTHBIX Ma-
paMeTpoB;

- pa3paboTka MHTEPAKTUBHBIX MPOLENYP HACHTH(GUKAINHN DJIEMEHTOB H
BHU3yalU3al[M1 BHICOKOYPOBHEBBIX MOJIENICl MEOENbHBIX U3IETUH;

- MPOEKTUpOBaHHE, pa3paboTka M anpoOanus COOTBETCTBYIOUIErO MpO-
IPaMMHOTO 00eCIICUCHHUS.

7.5. @dopmanuzanms U cpeacTBa pemeHus 3agaun popmuposanus EUIIL

B o6mewm cnyuae EWII meGenbHOro mpeanpusatus oOpa3yeTcsi COBOKYII-
HOCTBIO 0a3 u OaHkOB mAaHHBIX (BH/I), TEXHOJNIOTHII UX CO3/IaHUS, MOJICPKKH H
WCIIOJIb30BaHUsA, WH(POPMAIMOHHBIX TEICKOMMYHHUKAIIMOHHBIX CHUCTEM, (YHK-
[MOHUPYIOIIMX HAa OCHOBE OOMIMX MPHUHIIMIIOB W OOecTieunBaromux wHpopma-
LIMOHHOE B3aUMOJICVCTBUE BCEX YYACTHUKOB PACIIMPEHHOrO0 MPOU3BOJICTBEHHO-
ro mpoiiecca, BKIIOYas 3aKa34YUKOB, MOCTABIIUKOB, CYOMOIPSITUYMKOB, TUIEPOB,
MPOU3BOJICTBEHHBIN U YIIPABICHUYECKUM MEPCOHA.

®opmanbHOoe onucanue EWII MoxHO mpeacTaBUTh CIEAYIOMIEH TpUAAON
KOMIIOHEHTOB [154]:

|S:{|1, |2, |3},
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rae |1 - nHpOpMaIIOHHbBIE PECYPCHI,
|, - cpencTBa MHPOPMAIIMOHHOTO B3aUMOJICHCTBHUSA;
|3 - nHpOopManMoOHHAsT UHPPACTPYKTYpA.

NudopmarnnonHsie pecypchl MPEACTaBISIOT COO0H MHOXKECTBO OTAEINb-
HBIX JOKYMEHTOB U MacCHBOB JOKYMEHTOB B Pa3JIMYHBIX TUIAaX WH(OPMAIMOH-
Heix cucteM (MC): ombnuotekax, apxuBax, ¢pouaax, bJ[ u bu/l. [Tockonbky B
ocHoBe noctpoeHust EVII coBpeMeHHOro npeanpusTs JEKUT KOHLENUUS HC-
nons3oBanuss AUNC (aBromarmsupoBanHoit WC), mHGOpMAIMOHHBIE PECypCHI
MPEATNOoIararoT IEKTPOHHYI0 PopMy s Mepead U XpaHEHUs .

YTouHEeHHE CBOWCTB TOHATHS <«WH(POPMAIMOHHBIN pecypc», MPUMEHH-
TEJIbHO K ITPOU3BOJICTBEHHOMY MPEANPHUATHIO, MOXKHO NMPOJOJKHUTh B INIOCKOCTH
KJIacCU(pUKauu (TUIIOJOTUN) MUPKYJIUPYIOIeH Ha HeM uHpopmannu. B kaue-
CTBE OJHOTO W3 KJIACCHU(PUKAIMOHHBIX KPUTEPUEB MOXET OBITh BhIOpaHA JUIH-
TEJIBHOCTh IUKJIA akTyanu3anuu uHpopmanuu (t) [105]. XapakrepHoii ocoOeH-
HOCTBIO MH(popmarmu, obpadaTeiBacMoii B MIC mpoM3BOACTBEHHOTO MPEaIPH-
ATHS, ABIAETCA TOCTATOYHO YETKOE €€ pa3/IeJICHUE Ha CIENYIOUIME TPU KATEro-
pHUH. OTIEPATUBHYIO, APXUBHYIO U JOJITOBpPEeMEHHYI0. Takum oOpa3om, uHpopma-
LIMOHHBIE PECYPCHI MPEANPUITUS MOKHO MPEICTABUTH B BUJIE TPUAIBI:

l1={0, A, Li},
rae O; - omepaTuBHAast HHGOpPMAITHS,
A; - apxuBHas UHPOpPMALIUS,;
L - monroBpeMeHHass UHGOpPMAIIHS.

OnepatuBHas uH}oOpMaIusg UMeeT KOPOTKUH IMKJI aKTyalu3alud — OT
HECKOJBKHUX MHUHYT /10 HECKOJBKUX Helelb. LIeHHOCTh ee coxpaHsieTcs B 1ocTa-
TOYHO OrPAaHUYEHHOM MHTEpBAJIe BPEMEHH, & pe3yJbTaThl 00pa0OTKU aKTyalbHbI
JUISl IPUHATHUS YNPABICHUYECKUX PELICHUW B PacCMaTPUBAEMOM HHTEPBAJIE, T.€.
OHa 00eCneYnBAIOT peau3aluio ONepaTUBHOTO ympaBieHus. Wudopmarus
JAHHOTO THUIIA XPAaHUTCS, KaK MPABWIIO, HA MArHUTHBIX HOCUTEIAX IMPSAMOTO J0C-
TyIla B CBOEM II€pPBOHAYAJIbHOM BHJE, KOTOPBIM ONMPENEIISIET €€ HEMOCPEICTBEH-
HOE€ HMCIOJIb30BAHUE B PELICHUM 3aJlad ONEPATUBHOIO ymnpasiieHud. JlJIs Hakor-
JICHUSI ¥ TIEPBUYHOU 0OPaOOTKU OMEpaTHBHON MHGOPMAIIUU OOBIYHO HCIIONTh3Y-
torest B/l u CYB/I, a Takke mporpaMMHbIe NPUIIOKEHHUSI, pealu3yeMble B BUIE
«HaACTpoek» HaJ ucnoybzyemoir CYB/I.

ApxuBHas uHPOpManUg UMeeT OoJee AIUTEIbHbIC TUKIBl aKTyaTu3aliuu
(OT HECKOBKUX JTHEH 10 HECKOJBKHX JIET), KOTOPhIC OOBIYHO MPOBOMAATCS B pe-
KUME TIOTIOJTHEHUsS WHQPOPMAIMH C COXPAHEHHUEM XPOHOJIOTHUU BBITIOJHECHUS
omeparnmii (temmnopansubie BJI). ApxuBHas MHGOpMAIUs HE OKa3bIBaeT HEIO-
CPEACTBEHHOTO BIMAHHUSA HA MPOLECCHl ONEPATUBHOIO YIPABJICHMS, HO OHA He-
o0xoanMMa JUIsi TPOBEJCHUSI PETPOCIEKTUBHOIO CTATHCTUYECKOTO aHajau3a IIo
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Pa3IUYHBIM KPUTEPUAM, CTPATETHYECKOTO TJIAHUPOBAHMS M COCTaBIICHHS TPO-
THO30B Ha TMEPCIIEKTUBY.

K nonroBpemeHHo# WMH(pOpManuu OTHOCIT Takyr HHGPOpPMAIINIO, aKTy-
ATBHOCTh KOTOPOM MOKET 0Ka3aThCs CYIIECTBEHHON Ha MPOTSHKCHUH OYEHb JJTH-
TEJIBHBIX WHTEPBAJIOB BpeMeHH (OT HECKOJBKHX MECSIIEB 10 HECKOJIBKUX JIECSAT-
KOB JIeT). B 3aBUCUMOCTH OT TIPOJOHKUTEIILHOCTH IUKJIA aKTyaJlu3aluy J0JTo-
BpeMEHHas HHGOPMAIIHS TOIpa3IeNsseTCs Ha IBE COCTABISIOIIHE!

Le = {Li1, Li2},
rae L¢1 - mocTossHHAs nHpOpMaIus;
Li» - ycCIOBHO-TIOCTOSIHHAs WH(OpMAIUs.

[TocTostnHass wHbOpMarusi oOpasyeT TakK Ha3bIBAEMYI0 HOPMATHBHO-
CIIPaBOYHYIO CpeAy M BKIIOYAeT TEKCTHl 3aKOHOAATENbHBIX akToB, [ OCTHI,
OCTsI, Texaudeckue ycinoBus, crannaptel npeanpustaii (CtIl), Tumossie mpo-
€KTHBIE penieHus U T.1. B OONbIIMHCTBE ciy4aeB Al XpaHEHUs MOA0OHOTO TH-
na uH(pOpMaly BIOJIHE TIOIXOAAT PA3BUTHIE CUCTEMBI CIOBapeii-CIpaBOYHUKOB
TaHHBIX, 0a3UPYIOMIMECs HA JECKPUIITOPHBIX MOJIEIAX JaHHBIX.

YcnoBHO-TTocTOsTHHAS MH(pOpMaIus 00pasyeTcsi MHOKECTBOM MPOEKTHBIX
pelIeHn, BEIpaOOTAaHHBIX B XOJ€ pean3alii TEKYIIMX MPOeKToB. Jjis opraHu-
3alMM XpaHeHUus U oOMeHa moao6Hoi nHpopmanuenn B AC mpennaraercst uc-
MOJIb30BaTh KOHTEHHEpHYIO Moaenb [ 101].

OnucaHHBIN BBINIE MOAXOJ K KiIaccuPUKanuu WHOOPMAITMOHHBIX PECYP-
COB MOXET OBITh UCTIOJB30BaH MPHU PEIICHUH BOMPOCa O IEIeCO00pa3HOCTH Op-
TaHW3alliyd Ha TIPEANPUATHH PacTIpeIeICHHBIX HHPOPMAITMOHHBIX CTPYKTYD, 00-
pPa30BaHHBIX COBOKYITHOCTBIO CHUCTEM 0a3 u OaHKOB MaHHBIX. CleIyeT Takxke
OTMETHUTH, YTO BBEJCHHAS KJIACCHU(UKAIUA XOPOIIO COIIACyeTcs C JelIeHueM
nH(pOpPMAIIUU Ha pa3ieibl B 00mIei 6a3e JaHHBIX 00 U3IEIUIX, MPEJI0KEHHOM B
koHuenuuu pa3sutus CALS-texnomoruii [149].

NudopmannonHoe B3auMOJEHCTBHE B paMKaxX CIOKUBIIMXCS Ha Mped-
MPUATHU  OPTaHU3ALMOHHO-TIPOM3BOJACTBEHHBIX OTHOIIEHUH OCYIIECTBIISETCS
KaKk B BEPTUKAJIBHOM, TaK M B TOPHU3OHTAIHLHOM HampaBieHuu. Mubopmaimon-
HbIE TIOTOKH, MOCTYTAIOIINE HAa BEPXHHUE YPOBHHU YIPaBICHUYECKOW HEpapXHH,
KaK TpaBmiio, QUIBTPYIOTCA U 0000matoTcs (KOHCOMUIUPYIOTCSA) B COOTBETCT-
BUU C 33JIaHHBIMH KPUTEPHUSIMH, T.€. TIOJABEPrarOTCsl CEMaHTHUECKUM MpeoOpa3o-
BaHUSM. B oTinyne OT HUX TOPU3OHTAIBLHBIE WH(DOPMAIIMOHHBIE TIOTOKH 4Yalle
noaBepratoTcs (popmanpHO 00paboTKe, 3akiovaromeics B TMepeBoae Mpe-
cTaBieHUs nHpopmauu u3 ogHoro Gopmata B APYromu.

Ha HmwxHeM (MCIIOTHHUTEIHCKOM) YPOBHE MEpapXuu (YHKIIMOHUPYIOT WH-
(hOopMalMOHHBIE CHCTEMBI Pa3IMYHOTO Ha3HAYEHUS, KOTOPhIE B3aUMOJICHCTBYIOT
MEXIy CcOOOH W TOAACPKUBAIOT YIPABICHUYECKHE PEIICHUS BBIMISCTOSIIUX
ypoBHeii. MIX ocHOBHas 1€k 3akitodaeTcst B cOope, 00paboTke 1 XpaHEHUU Tep-
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BUYHBIX JAHHBIX O PA3JMYHBIX ACHEKTaX NEITeIbHOCTH Npeanpusatus. Hacro
Takue cucteMbl peanu3oBaHbl B Buae APM. Ilpu stom kaxnaeii APM pykoso-
JCTBYETCSI COOCTBEHHBIMH KPUTEPHUSIMH JIOKAIBHON ONTHUMHU3AIMU, MOCKOJBKY
OpUEHTUPOBAH Ha pelieHue 3a1ad MHHOPMAITMOHHONW TOAAECPKKH TOJIBKO OJTHO-
ro acrheKTa MPOU3BOJCTBEHHOM NeATeIbHOCTU. OCHOBHON HEIOCTATOK JAHHOMN
CXEMBI COCTOUT B TPYIAHOCTH (POPMHUPOBAHUS TIOOATBHBIX KPUTEPUEB ONTHMH-
3allM Ha OCHOBE MHO’KECTBA JIOKAJIbHBIX, CJ1a00 CBSI3AHHBIX KPUTEPHUEB, A TAKKE
B BBICOKOW M30BITOYHOCTH XpaHUMOU WHpoOpmaiuu, 00ycIoBICHHON BO3MOXK-
HbIM MHOKECTBEHHBIM IyOJIMPOBAHMEM OJHHMX U TE€X K€ JAHHBIX, MOCKOJBKY
Kax et APM paboTtaet ¢ coOcTBeHHOM okanbHOM B/I.

CoBpeMeHHBIN MOAX0 K XPAaHEHUI0 M HMCIOJIb30BAaHUIO MPOU3BOJICTBEH-
HOW MH(OpMAIMK OCHOBBIBACTCS HA OpPraHHU3aIlUU OOIICH (MHTETPUPOBAHHOI)
0a3bl TaHHBIX, BHICTYMAIONIEH B KAUYECTBE s/Ipa CUCTEMbI, K KOTOPOMY MOTYT 00-
pamaThcs pa3auyHbie TPOOJIEMHO-OPUEHTUPOBAHHBIE MOJIENH, pEAIU30BAHHBIE B
BUJIE POIPAMMHBIX MPUIOKEHUH.

Ucxons wu3 3toro, umHpopMmanmoHHas HHEOPACTPYKTypa TMpEanpUiTUS
MpEACTABIAET COOOM CHCTEMY OpPraHU3allMOHHO-TEXHHUYECKHX CTPYKTYp, oOec-
neYnBaIMMX GYHKIMOHUPOBAHUE U pa3BUTHE WH(DOPMAITMOHHOTO MPOCTPAHCT-
Ba U CpeACTB MH(OPMANMOHHOTO B3amMozeicTBUA. OUYEBHAHO, YTO CYIIECT-
BYIOIIIAsl HA TIPEINPHUATAN UHPOpPMALIMOHHAsI HHPPACTPYKTypa HE BOSHUKJIIA Cpa-
3y B TOM BHJI€, B KOTOPOM OHa MpeJCTaBieHa B HacToAmuii MmomeHT. Kak mpa-
BUJIO, TIEpBOHaUaNbHast (hopMa HHPPACTPYKTYpHI IpeTepIeBaeT psa N3MECHECHHIH,
T.€. SBOJIOIIMOHUPYET BMECTE C pa3BUTUEM IpeanpusaTus. B xoxe tpancdopma-
My uH(pOpMaMOHHON MHEGPACTPYKTYpPhl Ba)KHO OOECIEUUTh COXPAHCHHE €€
KOHIIETITyaJIbHOM LIEJIOCTHOCTH. B 3TOMN CBSI3M 0COOYI0 Ba’KHOCTh MPUOOpETAET
pa3paboTKa MPOEKTa pa3BUTUsA MHPOPMAIMOHHONW HHPPACTPYKTYPHI MpPEANpH-
ATHS.

[TocTpoenune mMoaenu nHGOPMAITMOHHONW HHPPACTPYKTYPHI BHITIOTHIETCS B
nBa stana. Ha nmepBoM sTane uccieayercs BbIOpaHHAs IpeIMeTHast 001acTh WU
€¢ YacTh C IIEJIbI0 OMpeaeicHUs MecT (LIEHTPOB) 3apOKICHUS, MPeoOpa3oBaHuUs
(Tpancdopmaru) u motpedacHUS WHGOPMANNH, KIAcCCU(UKAIME M aHAIU3a
CBS3BIBAIONIMX WX HMHPOPMAIMOHHBIX TOTOKOB. [lomyueHHas B pe3yibTare
CTPYKTypa B 0OLIEM ciIydae MpeACcTaBiIsieT COO0M CIENYIONLYIO CETh!

S={V; R}, (7.2)
rae V- BepUIMHBI CETH, aCCOLUUUPOBAHHBIE C IEPEUNCICHHBIMU IIEHTPAMH;
R - peOpa, T.e. HanpaBJIECHHBIE JYI'H, aCCOLUUPOBAHHBIE C MH(OPMALUOH-
HBIMU MTOTOKAMH.

Jlro6as BepIIMHA CETH MOXKET OBITh OMUCaHa (PYHKIIMOHAIOM, OTIPE/IeIICH-
HbIM Ha MHO>KECTBE 0OBEKTOB BXOJHOTO MOTOKA, 00JACThIO0 3HAYEHUIN KOTOPOTO
SBIIIOTCS OOBEKTHI BHIXOAHOTO TOTOKA. [103TOMY BBIZENEHHBIE MH(DOPMAIIMOH-
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HbIE TTOTOKH MOYHO Pa3/e/IUTh HA BXOJHBIC U BBIXOJHBIC, BBIITOIHUB UX MPH-
BS3KY K KOHKPETHBIM BEpIIMHAM MOJIEIH, T.€. CeTh, ONUChiBaeMyo (7.2), mpu-
BECTHU K BUIY
S={Vi Ri"; Rj'},
rae Rj" - Bxopsumias ayra s j-it BEpIIMHBI CETH;
R - ucxonsmas nyra s j-i BEpIIUHbI CETH.

JlanHoe npeoOpa3oBaHKE MO3BOJISET BBISABUTH AyOIUPYIONIMECS MTOTOKU U
UCKITIOUHTh UX U3 MOJenu 0e3 ymepoa 1y ee nHOOPMAIMOHHOM MOTHOTHI.

Ha BTOpOM 3Tame BBINOJIHAETCS aTTECTallUsl LIEHTPOB, OMPEACICHHBIX Ha
MpeAbIIYIIEM 3Tane, U KaHAJIOB Mepeaadyd JaHHbIX. B Xone arrecranuu ycra-
HABJIMBACTCS COOTBETCTBUE MEXAY CHOPMYIUPOBAHHBIMH U 3a(DUKCHPOBAHHBI-
MU B MPOEKTEe TPEOOBAHUSIMU MO KOJUYECTBEHHOMY M KaUYE€CTBEHHOMY COCTaBY
uH(pOopMaIuU, BpeMEHHOMY peTJIaMeHTy ee coopa, TpaHchopMaIliu, Iepeaadn u
noTpeOIeHUs I KaKI0TO IMeHTpa UX (PaKTUIECKOMY COCTOSHHIO. DTOT 3Tarl,
BBHITIOJTHEHHBIN JJI1 LIEHTPOB 00paboTKU-TIoTpedieHus HHPOPMAIIMN B CEMaHTH-
YECKOM, a JJI1 KaHaJIOB Mepe/lauyu - B CUHTAKCHMUYECKOM pa3pese, Takxke odecre-
YUBaeT yMEHbIICHUE UH()OPMAITMOHHON U30BITOYHOCTH MO/IEIH.

[TonyueHHasi KOHIENTyaldbHas MOJEIb MOXET ObITh HCIOJb30BaHa Kak
6aza i pa3pabOTKH MPOTPAMMHBIX CPEJCTB MOHHUTOPUHTA W YIpPaBICHUS WH-
(dhopManoHHON HHPPACTPYKTYPOi MeOETHLHOTO MPEANMPUSITHS.

Takum oOpa3zom, 3anaua popmupoBanus EUII coBpemMeHHOTO MEOETBHOTO
NpeAnpusATUs MoJapa3zyMeBaeT OObEJIMHEHHE B COCTAaB WMHTETPUPOBAHHOW WH-
dopmarnmonnoi cuctembl (MMC) pacnpeeieHHbIX M JIOKAJIBbHBIX HWH(OpMAIH-
OHHBIX PECYPCOB, a TaKXe KOMILUIEKCA MPOTPAMMHO-TEXHUYECKUX CPEICTB,
00EeCIeYNBAIOIINX HCIIOJIB30BAHUE OTUX PECYpCOB U MOJHO(DYHKIIMOHAIBHOE
ynpasieHuu umu. [Ipu 3ToM mporiecc GopMHUpOBaHUS KOHIIEITYadIbHON MOJETH
EUII nomxeH OCHOBBIBATHCS HAa CUCTEMHOM IOJIXO/€ U MPUMEHEHUH CTPYKTYp-
HbIX U OOBEKTHO-OPUEHTHUPOBAHHBIX METOJOB aHAIW3a U MPOECKTUPOBAHUS HC-
cieayeMon mpeaMeTHON 001acTH.

Onucanue KOHUENTYaJbHOW MOJEIH MOXKET OBITh BBINOJHEHO C UCIOJb-
soBanreM UML (Unified Modeling Language) - yHuBepcanbHOro si3bika MoJie-
JUPOBAHUSI, KOTOPBIM MO3BOJSET CHEIUMUIIMPOBATH CEMAHTHKY MPEIMETHOMN
00nacTy, C OTHOW CTOPOHBI, U BBICTYNAET B KAUECTBE OCHOBBI JJI MOCJEAYIOIIE-
ro nepexoja K JIOTUYECKOW MOJENW IaHHBIX, ¢ Apyroi croponsl [155]. [pwu
ATOM CaM MEepexo] MOXKET ObITh B JOCTATOUYHOW CTETIEHW aBTOMATHU3UPOBAH ITy-
TeM wucnonb3oBanuss CASE-cpenctB HoBoro mokoseHus (Hampumep, Rational
Rose Data Modeler kommannu Rational Software) [156]. [Ipumenenne momo0-
HBIX TMPOTPAMMHBIX CPEACTB 3HAUUTENIHHO TMOBBIIIAET KAYECTBO HCIOJHEHUS
MPOEKTOB MH(POPMAIIMOHHBIX CHCTEM M CYIIIECTBEHHO COKpaIlaeT BpeMms, 3aTpa-
YMBAa€MOE€ Ha UX pealh3allHIo.
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3aKkJI04uYeHue

KadecTBeHHBIE U KOJHMYECTBEHHbIE M3MEHEHUS B PAa3BUTUM OTEUYECTBEH-
HOM MeOenbHOW MPOMBIIUIEHHOCTA Ha COBPEMEHHOM 3Tamne TpeOyroT pa3padbot-
KU TPUHIMIUAIBHO HOBBIX MOAXOJOB K aBTOMAaTH3allMM M HMX MPAKTUYECKOM
peanu3zanuu. [Iponeccsl NpoekTUPOBaHUSA aBTOMAaTU3UPOBAHHBIX CUCTEM, pEaIU-
3YIOIIUX HOBBIE WH(OpPMAIIMOHHBIC TEXHOJOTHH U METOAbl MOJCITUPOBAHUS, HE-
MPEPHIBHO COBEPIICHCTBYIOTCS. TpaJulMOHHAs OPUEHTAIMsl MpH CO3JAHUU
CAIIP Ha UCKITIOUUTENIBHO T€OMETPUYECKYIO MapaUurMmy NpOeKTUPOBAHUS U3JE-
nuit Mebenu, 3 (HEeKTUBHYIO B YCIOBHIX MAaCCOBOTO MJIM CYTy0O 3KCKIIO3UBHOTO
MIPOU3BOICTBA, OOHAPYKMBAET HEIOCTATOUHYIO d(PHEKTUBHOCTH MPH MCIOJIH30-
BAHMU B YCJIOBUAX I03aKa3HOTO MPOMBINUIEHHOTO MPOU3BOJACTBA, KOTOPOE Ha
CErOJIHSIIHUN JI€Hb MAaKCUMAaJbHO aJIeKBATHO PEalUsIM COBPEMEHHOTO pHIHKA.
XapakTepHble 0COOEHHOCTH JAHHOTO THIA MPOU3BOJICTBA, & HUMEHHO, COUETAHUE
BBICOKOTO Ka4yeCTBa M3JCIUN C UX WHAUBUAYAIbHOCTHIO, TOCTUTAEMOE B YCIIO-
BUSX KECTKUX OTPAaHUYEHUU MO BPEMEHU M BBICOKOW (PMHAHCOBOW OTBETCTBEH-
HOCTH pa3paboTuMKa, AUKTYIOT HEOOXOAMMOCTh MEpPEeXo/a K HOBOM mapagurme
noctpoenusi CAIIP, 6a3upyroleiicss Ha 00BEKTHBIX CTPYKTYPHO-ATPHUOYTHUBHBIX
MOJENSAX MEOETBHBIX U3/IENTUI BEICOKOT'O YPOBHS a0CTPaKIIMH.

[ToTpeOuTtens MpOayKIKMU, KaK OCHOBHOW (hakTop, MpsiMO BIMSIONIEH Ha
dbopMHpOBaHUE U CTPYKTYPY MH(POPMAIMOHHBIX MOTOKOB, B MO3aKa3HOM IPO-
MBIIIJIEHHOM MPOU3BOACTBE HemocpeacTBeHHO BkiIrovaercs B KM Ha ero Ha-
YJaJIbHOM JTale B KaueCTBE MCTOYHUKA MEPBUYHON MH(POpMAIUU. DTO SBISETCS
ONPENEIAOIIAM MMOCTYJIATOM JAHHOIO THIA IPOU3BOACTBA U HE 3aBUCUT OT pa3-
MEpOB, CTPYKTYpPhl U MPOU3BOJACTBEHHOW Mporpammbl mpeamnpusatus. Orcrona
cieayeT HeoOXOUMOCTh MAaKCUMAJIbHOTO PACIIMPEHUS] HOMEHKIATYPhI U3AEIUI
Y CTWJIEBBIX HANpPABIICHU, YBEIMUYCHHUS] aCCOPTUMEHTA MaTEPHAIOB U (PypHUTY-
pBI, YCIO0KHEHUS KOHCTPYKLIMH W3AENUN M MOBBIIIEHUS MX KayecTBa, MPEaoc-
TaBJICHUS IIHPOKOTO CHEKTPa CEPBUCHBIX ycuayr. [lo aTuM npuunHaM oObeM UH-
dbopmanyu, moAsIekKaed OCMBICICHHIO, TepepadOTKe U yMPaBICHUIO MPHU pas-
pabdoTke CAIIP cyiiecTBeHHO BO3pacTaer.

B ycnoBusx mo3akazHOro NpOMBIIUIEHHOTO MMPOU3BOACTBA HEJOCTATOYHO
aBTOMATH3UPOBATH OT/AEJIbHBIC ATAMBI )KU3HEHHOTO LIMKJIA U3ACNINi, HE00X0uMa
KOMILUIEKCHAsI aBTOMAaTU3alds BCEX 3TAllOB Ha €IWHOW M HMHTEpornepadenbHOI
KOHIIETITYaIbHOUW, MHPOPMALMOHHON M MojenbHOU minatdopme. Maeonornue-
CKHE ¥ METOJIOJIOTUYECKUE MPUHIUIIBI TOocTpoeHust koMiiekcHoil CAIIP HoBoro
tuna chopmynuposansl B koHieniuu BOIIII KMUWA, ocHOBHBIE MOJOKEHHUS
KOTOPOH MOHO c(hopMynHpoOBaTh CAEAYIOUTUM 00pa3OM:

1) CkBo3Hasi WH(pOpPMAIMOHHAS MOIEPKKAa BCEX YYACTHUKOB Tpoliecca

«MApKETHUHT - MNPOEKTUPOBAHUE - MPOU3BOACTBO — YIIPABJIEHUE», OC-
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HOBBIBAIOIIASACS HAa OOBEKTHBIX CTPYKTYpPHO-aTPUOYTHUBHBIX MOMACIISAX
U3Jeni, O00JIamaronuX HEOOXOIUMON CEMaHTHYECKONW H30BITOYHO-
CThIO, OTpa)kalollell CBOMCTBA MPEAMETHOM O00JIACTH, aCCOIMHUPOBAH-
HBIE€ C KOHKPETHBIM U3JCTUEM.

2) BeienieHne B KauecTBE CaMOCTOSITEIBHOT'O dTamna JKU3HCHHOTO IUKJIa
MeOCIBHBIX WU3JICTUI CKU3HOE MPOCKTHPOBaHUE (MH)XUHHUPUHT), CJIC]I-
CTBHEM YETO SBJISETCS MEPEXO0 OT MOTHOPOPMATHBIX TEOMETPHIECKUX
MOJIEJIEN B UCIOJHUTENbHBIX KOOPJMHATAX K KOMIUIEKCY Mojenei 0o-
Jiee  BBICOKOTO  YpOBHS.  3CKU3HO-CTPYKTYPHOW,  CTPYKTYpHO-
aTpuOyTUBHON M Tpado-aHATUTUYECKON MOJEISIM B MPOCTPAHCTBE AC-
KH3HBIX KOOPAWHAT.

3) BritoueHre B MOJIenb HM3ACIUS Ha dTale WHXUHUPUHTAa KOMILJICKCA
KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX TpeOOBaHUN W OTPaHUYECHHUH, YpO-
BEHb a0CTpaKIIMU KOTOPHIX COOTBETCTBYET YPOBHIO aOCTpaKIUU MOJE-
7Y, KaK OCHOBBI oOecredyeHus 0e301MO0YHOCTH BBIMOJHEHUS MPOEKT-
HBIX TIPOLIEIYp U Omepalyii Ha dTane PyHKIHOHATHHOTO MPOSKTUPOBA-
HUs (PECMHXXUHUPUHTA) TPU ¢ KOMITWISIIMK B UCTIOJHUTEIbHBIC KOOP-
JUHATBI.

4) PacnapajuieTuBaHUE MPOSKTHO-KOHCTPYKTOPCKUX U TEXHOJIOTHYCCKHUX
paboT ¢ MepeHOCOM OCHOBHOTO UX KOJIMYECTBEHHOTO M Kau€CTBEHHOIO
o0beMa Ha dTall 3CKU3HOTO MPOSKTUPOBAHUS, KaK OCHOBBI (JOPMHUPOBA-
HUS MHOECTBA MPOTOTUIHBIX MOJENeH, 00ecreYnBalOIUX OBICTPHIM
PEMHXUHHUPUHT U3JEIUN B YCIOBUSAX KECTKUX BPEMEHHBIX OrpaHHYe-
HUWA 1 MUHUMM3ALUIO CYOBEKTUBHBIX OIIMOOK MTPOSKTHUPOBAHUS.

5) IHTEepakTUBHOE, TMOCIIEA0BATEIbHO-TIApAILICIBHOS (OPMUPOBAHUE 3C-
KU3HBIX MOJIEJIEW TPOTOTUITHBIX U3ACIUM C MOCIEAYIONIEN aBTOMaTHYE-
CKOM reHepaluuer reOMETPUIECKUX MOJIETIEN B UCIIOJHUTEIBHBIX KOOP-
JMHATax JJIs UX BU3yallU3allud U JaibHEWIIe oOpaboOTKH B cpene yHH-
BepcanbHoi CAIIP.

Kommnexkcnass CAIIP mMeOenbHBIX u3Aenuid, Oa3zupyromascs Ha MPHUHIIU-
nax koHmeniuu BOIIII, sBuserca sapoM uHpOpMATMOHHON HHPPACTPYKTYPHI
MeOEeIbHOT0 MPEANPUITUS U UICTOUHHUKOM MaTeMaTUYECKUX MOJENeN U3l —
ocHOBBl aBToMatu3anuu Bcero KIIM. Ona BkitouaeT B ce0sd TpU OCHOBHBIE
(GyHKIHOHATBHBIEC TIOJICUCTEMBI

- TOJACUCTEMA aBTOMATH3alMHM 3CKU3HOTO IMPOCKTUPOBAHHUS, PEATU3YIO-
1as MHKWHUPUHT MPOTOTUIIHBIX MOJIEJIEN 3CKU3HOTO MPEACTABICHUS,

- TOJACUCTEMA ABTOMATM3alHWM PEWHKUHUPHUHTA, NMpPEIHA3HAYEHHAS s
PECTPYKTYpU3alUM OICKU3HBIX MOJEJIEM B COOTBETCTBUHU C TEKYyUIEH
MaTpullel QYHKIMOHATBHO-CTETHYECKUX 3aMPOCOB M KOMITMIIAIINU UX
B IPOCTPAHCTBO UCIIOJHUTEIBHBIX KOOPAUHAT;
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yauBepcanbHas CAIIP mis Bu3yanmuzanuu MOJHO(DOPMATHBIX T€OMET-
PUYECKHX MOJENEW M3ACIUN WU BBINOJHEHUS PYTUHHBIX OINEPALUAN 10
MOATOTOBKE KOHCTPYKTOPCKO-TEXHOJIOTUYECKON TOKYMEHTALIMU TTPOEK-
TOB.

[lo3akazHoe MPOMBIILIEHHOE MPOXU3BOJICTBO, BOZHUKIIEE KAK peakiys MeOeb-
HBIX MPEANPUATAN HA YCWJICHUE PHIHOYHOM KOHKYPEHIMM U M3MEHEHUE CTPYKTYpbI
cripoca moTpeduTeneid, TpeOyeT aleKBaTHBIX PELICHHH, CBSI3aHHBIX C pa3pabOTKON Ha-
YYHO-TEOPETUYECKON M METOJIOIOrMIecKor 0a3bl aBTOMAaTH3allK, a TAKKE €€ MPaKTU-
YeCKOW peaM3alyu. JTO TMPEANoJiaraeT pelieHue MUPOKOro CIeKTpa 3ajgad Teo-
PETUYECKOr0, METOIOJIOTUYECKOT O U MPAKTUYECKOr0 XapaKTepa:

pa3paboTka MHGOPMAITMOHHO B3aMMOCBS3aHHBIX MAaTEMAaTUYECKHX MO-
Jeael CIOXKHBIX MEOENbHBIX M3JENUN BBICOKOIO YPOBHSI aOCTpaKIIUH,
aJIEKBaTHO OTPaXaIOIIMX XYJ0KECTBEHHO-KOHCTPYKTUBHBIE U TEXHOJIO-
TUYeCKre 0COOCHHOCTH OOBEKTOB MPEAMETHON 00JIaCTH B MPOCTPAHCT-
BE€ ACKU3HBIX KOOPIMHAT;

pa3paboTka aJITOPUTMOB peanuzanuu KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUX ONepaluii TPOSKTUPOBAHUS HA MOJIETSAX PA3IUYHOTO
YpOBHSI aOCTpAKLIMM, @ TAKXKE UX PECTPYKTYPHU3ALMU U KOMIWISIUUA B
MPOCTPAHCTBO UCIOTHUTEIbHBIX KOOPAMHAT C BBICOKON CTENEHBIO aB-
TOMAaTHU3aLINH,;

pa3paboTka MoJeneld U METOJO0B alrOPUTMHUYECKOT0 KOHTPOJS JOIyC-
THUMOCTH M aBTOMATHYECKOW KOPPEKLHUHU PE3YIbTATOB BBHIMIOJIHEHUS OT-
JEIbHBIX MPOEKTHBIX MPOLEAYP B YCIOBUAX YACTUYHON HEOIpEeIeH-
HOCTH MPOEKTHBIX MTapaMeTpPOB;

pa3paboTka MHTEPAKTUBHBIX MPOLEAYP HACHTH(GUKAINHN DJIEMEHTOB H
BHU3yaU3al[M1 BHICOKOYPOBHEBBIX MOJIENICl MEOENbHBIX U3IETUH;
pa3paboTKa OpraHU3allMOHHO-METOJUYECKUX TOJIOKEHUN M0 PEUHKH-
HUPUHTY OW3HEC-TIPOIIECCOB MPHU MEPEXO0/e K MO3aKa3HOMY MPOMBIIII-
JIEHHOMY MPOMU3BOACTBY M BHEAPECHUIO KOMILJIEKCHONH aBTOMaTU3UPO-
BaHHOM CHUCTEMHBI,

MPOEKTUPOBAHUE, pa3pabOTKa W MpaKkTUUEcKas ampodauus Ha AEHCT-
BYIOIIMX MPEANPUATHIX MATEMAaTUYECKOIr0, MPOTPAMMHOIO U METOU-
gyeckoro obecneuenust CAIIP.

[lepcrieKTUBHBIM HAIpPaBICHUEM pPEATU3ALUN ITTOJOXKECHUM KOHUECTIINU
BOIIIT sBnsercs wucnonp3oBanue CALS-texHomormit mams wHPOpMAIMOHHON
MOJJICPKKHU T103aKa3HOTO MEOEIbHOTO IMPOW3BOJCTBA, KOTOpas B HACTOSIIEE
BpeMs B paMKax PacIIMPEHHOTO MPOU3BOJICTBEHHOTO KOHTYpPA, OMPEACICHHOIO
JKIIH, orcyTcTBYET, XOTS ISl YCHEMIHOW MPOU3BOJICTBEHHOM IEATEIIbHOCTH B YCJIO-
BUSIX PBIHKA HEM30EKHO TPEeOYeTCsl HAJTMUKE TaKOH BCEOOBEMITIOIIEH CHCTeMbI HH(OP-
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MaIMoHHOTO obecneueHus. GopMupoBaHue ¢TMHOTO MHPOPMAIFIOHHOTO IMPOCTPAHCT-
Ba MeOCIBLHOTO MPEINPHUITHS MPU3BAHO OPraHW30BaTh TECHOE B3aUMOJICHCTBUE M CO-
IJIACOBAHHYIO pabOTy BCEX €ro CHCTEM U IOJAPa3IeiICHUH, TUKBUAAIINI0 WHpOpMa-
IIMOHHBIX 0apbepoOB, AMPHOPHO CYHIECTBYIOIIUX MEXIYy KOHCTPYKTOPCKUMH,
TEXHOJOTUUYECKUMH U MPOU3BOJCTBEHHBIMHU YPOBHAMH MPEANPUSATHS, TTOBBIIIEC-
HUEe 3(QPEKTUBHOCTH PAaOOTHI KaXKJI0TO0 YPOBHS U MEKYPOBHEBOTO B3aMMOJCHCT-
BHSI 3a CUET COKpAIIEHHS 3aTpaT pPeCypCOB Ha BBITTOJTHECHHE WH(POPMAIMOHHBIX
3anpocoB. Mupopmarm3anms Ha ocHoBe CALS-TexHOMOTHMi mpeanmonaraeT me-
PEX0J OT TEXHHYCCKOW WHTETPAIlUH TOIpa3AelICHUN peaNpHsITHS K UX HHQOP-
MAIlMOHHOW UHTErPaLNU.

[Tpumenenue npuniunos konueniuu bOIIII npu co3ganun cuctem aBTO-
MaTHh3aliid MEOEIbHBIX MPEANPUITHN MO3BOJISIET CKOHIIEHTPUPOBATh Haubosee
OTBETCTBEHHBIC OTEpaIlMi MOJICTUPOBAHUSI HA BEPXHUX YPOBHSIX abCcTparupona-
HUSI, KOTJa 1IeHa OIIMOOYHBIX PEIICHUM HauMeHee 3HauuTeabHa. JlomoJIHuTEeNb-
HBIM TMPEUMYIIECTBOM 3TOrO SBJISIETCS YaCTUUYHOE OcjaljeHue KaJApOBBIX MPO-
OJleM, CBSI3aHHBIX C HEJIOCTaTKOM BBICOKOKBATM()HUIIMPOBAHHBIX JTH3aWHEPOB,
KOHCTPYKTOPOB U TE€XHOJIOTOB MEOEJIBLHOrO MPOU3BOJICTBA. B ycinoBusx pacrma-
pajuIeIMBaHus OOIIETO MpoIlecca MPOSKTUPOBAHUS U MTPOU3BOJACTBA MEOCTbHBIX
W3JICNINA Ha WHOKUHUPUHT U PCHHXUHUPHUHT KBATH(UIIMPOBAHHBIE CIICIIUATUCTHI
OCBOOOX/IAIOTCSI OT BBIMIOJHEHUS HECBOWCTBEHHBIX UM OTEpallMii M pEIIaroT
TOJIBKO CTPAaTETHMYECKH Ba)KHBIC 3aJaud (DOPMHUPOBAHMS IEPCICKTHBHBIX MO-
JEIbHBIX PSIIOB HA OCHOBE COBPEMEHHBIX XYJI0)KECTBEHHBIX, CTUIICBBIX U TEXHO-
JIOTHYECKHUX TEHJICHIIUM.

MeTononorusi aBTOMaTU3allMy TO3aKa3HOTO IPOU3BOJCTBA B YCJIOBUSIX
000CTpeHUsI KOHKYPEHIIUM Ha MOTPEOUTEIBCKOM PBIHKE, PACCMOTPEHHAs B MO-
HOTpauu MPUMEHUTEIHPHO K MEOCIHbHON MPOMBINUICHHOCTH, UMEET YHHUBEp-
CAJIbHBI XapakTep U MOXKET MPUMEHSITHCSA B APYTUX OTPACIAX MPOMBIIIICHHO-
CTH, OPUEHTHUPOBAHHBIX MPEUMYIIECTBEHHO Ha HEIMOCPEACTBEHHYIO PabdoTy ¢
norpedureneM. B KOHEUHOM UTOTE CO3JJaHNE KOHKYPEHTOCIIOCOOHBIX IMPOMBIIII-
JIGHHBIX TPOU3BOJICTB, MCIOJL3YIOIMIMX COBPEMEHHBIE HAy4YHO OOOCHOBAHHBIC
MOJIXOIbl K aBTOMATH3allui U UHTCHCUBHBIE TPUOPUTETHI B Pa3BUTUU, TOMOKET
JOCTUTHYTh 3HAYMTEIHHOTO COMMAIIBHO-YKOHOMHUUYECKOTO d(deKkTa B Macmtadbax
SKOHOMHUKH B IIEJIOM.
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— — cucremHbii 151



®ypHutypa 44
— KpenexxHast 49

Hykon xu3HeHHbIN 18

JJIEeMEHT

— KOHCTPYKTHUBHBIN 17
— comytcTrByomuii 50
— IUTOBOM 23

SAnpo reomerpudeckoe 199
S3bIK

— accemOunepa 128

— onwucanus Moaenu 160
— omnucanus npoekra 159
— nporpammupoBanus 60
— npoekThpoBaHus 151

319
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bynakos ITaBen FOpbeBuy,
CrapukoB Anekcannp BennamuHoBuy,
CrapukoBa AHHa AJIEKCaHJIPOBHA,
Xapun Banepuit Hukomaesuu

HOBAS MAPAJIUT'MA IPOEKTUPOBAHUSA CAIIP
CJIOKHOM KOPITYCHOM MEBEJIN
JJIA ITIO3AKA3HOI'O
HNPOMBIIIJIEHHOTI'O ITPOU3BOACTBA

Penakrop H.II. bynakosa

[Tonmucano B nevats. @opmar. bymara
I"apautypa «Taitme». Puzorpadus. Yemu. ney. 1.
Tupaxx _ 9k3.3aka3 Ne
N3parenbcTBO MOCKOBCKOTO rOCYIapCTBEHHOIO YHUBEPCUTETA JIECA.
141005, Mertunmu-5, MockoBckas 00:1., 1-g Macturyrckas, 1, MI'YJI.
E-mail:izdat@mgul.ac.ru

[To Bonpocam npuoOpeTeHus autepatypsl uznarensctea ['OY BITO MI'VII
oOpalatbcsi B 0TI peain3alnu.
Tenedon: (498) 687-37-14.
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